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PREFACE 
This dissertation consists of seven chapters. Chapter one introduces the study giving the 
background and justification as well as stating the broad and specific objectives. Chapter 
two is a review of the literature relevant to the study. Chapter three to six consist of four 
specific experiments presented in paper format, each with an introduction, specific 
objectives, materials and methods, results and a brief discussion. Chapter seven discusses 
the main findings from the experiments outlined in Chapters three to six, as well as 
presenting the general conclusion and recommendations for future studies. All the 
literature cited in the study is listed in the reference list. Appendices, containing outputs 
of statistical analyses of data, are presented at the end of the dissertation. 
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ABSTRACT 
Low cover crop biomass production is a major obstacle to the success of conservation 
agriculture currently promoted as panacea to the inherent problem of soil erosion and loss 
of soil productivity in the Eastern Cape (EC). Therefore, this study evaluated cover crop 
management strategies for optimizing biomass production for better soil cover, soil 
nitrogen (N) and phosphorus (P) fertility, weed control and maize yields. The strategies 
tested are cover crop bicultures, selection of an adapted lupin cultivar and seeding rate, 
and the feasibility of rain fed winter cover cropping. The cover crop experiments were 
carried in rotation with summer maize between the winter of 2009 and summer of 
2010/2011.  
Biculture trial was carried out by seeding oat (Avena sativa) and vetch (Vicia dasycarpa) 
at three mixture ratios and as sole crops under irrigation. On a separate irrigated trial, two 
lupin cultivars (Lupinus angustifolius var Mandelup & Qualinock) were seeded to a range 
of seeding rate, 40 to 220 kg ha
-1
. To study the feasibility of rain fed winter cover 
cropping, oat, vetch, rye (Lolium multiflorum), barley (Hordeum vulgare), radish 
(Raphanus sativa) and triticale (Triticale secale) were relayed into a maize crop in 
February, March and April of 2010. The irrigated trials were followed with SC701 maize 
cultivar, whilst the rain fed trial was followed with DKC61-25 maize cultivar.  
Bicultures gave higher cover crop biomass than sole vetch, increasing with an increase in 
the oat component of the mixture. Increased N and P uptake was observed with bicultures 
compared to sole oat, however, the levels were comparable to sole vetch. Sole vetch 
increased soil inorganic N and P at maize planting, whilst the slow decomposition by sole 
oat residue resulted in mineral lock up. Bicultured cover crop residues had intermediate 
decomposition rates and resulted in optimum levels of inorganic N and P for prolonged 
periods compared to sole crops. Weed suppression by the bicultures was comparable to 
sole cover crops. Biculturing technology significantly (P<0.05) increased maize grain 
yield compared to sole oat and the yields were comparable to those from sole vetch.  
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For lupins, 206 kg ha
-1
 seeding rate gave the optimum biomass yield. Weed dry weights 
in both cover crop and maize crop decreased with an increase in lupin biomass. 
Comparable soil total N and inorganic P values at maize planting, were observed from 
plots planted to 120, 180 and 220 kg ha
-1
. Maize grain yield increased with an increase in 
lupin seeding rate. The study on rain fed winter cover cropping had most cover crop 
species’ biomass decreasing with each delay in planting except for radish, which 
increased. Vetch produced the highest amounts of biomass from February and March 
planting whilst radish had the highest biomass in April planting. The two species resulted 
in the greatest N improvement compared to the other species. Regardless of the grazing, 
the grass specie residues managed to persist to the next cropping season and the residue 
remaining were comparable to that of radish and vetch. Late-planted cover crops had the 
greatest residue remaining than early-planted, as a result, April planted cover crops 
provided better weed suppression than March and April planted. Vetch provided the 
highest maize grain yield (4005 kg ha
-1
) whilst all other species tested had comparable 
grain yields.  
The results suggested that bicultures could be grown to give sufficient biomass for both 
weed suppression and soil fertility improvement. Furthermore, increasing lupin plant 
densities improve its function as a cover crop with respect to weed suppression, soil 
fertility improvement and maize yields. The study also showed that for dry land systems, 
February and March planted vetch and April planted radish can provide the greatest 
biomass and maize yield improvement.  
Key words: Conservation agriculture, cover crop species, maize yield, soil fertility, weeds 
suppression. 
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CHAPTER ONE 
1. GENERAL INTRODUCTION 
 
1.1 Introduction 
Soil degradation is a major challenge threatening crop production in the Eastern Cape 
Province (EC). Wind and water erosion are the endemic forms of soil degradation, 
particularly in the communal lands (Laker, 2004; Le Roux et al., 2008; Kakembo et al., 
2009). Poor farming practices leave the soil bare and vulnerable to soil erosion. Low soil 
organic matter (SOM), intensive cultivation without nutrient replenishment, short to no 
fallow periods, absence of crop rotation systems and overgrazing exacerbate soil 
degradation processes in the EC (Mandiringana et al., 2005). Conservation agriculture 
(CA) is being promoted in the province as a sustainable way to arrest and/ or reverse the 
effects of soil degradation. 
Conservation agriculture is based on three basic principles linked to each other in a 
mutually reinforcing manner, namely (1) minimal or no soil disturbance, through zero 
tillage, broadcasting seed or direct drilling (2) diversified and ecologically viable crop 
rotations and (3) permanent soil cover provided by cover crops and crop residues (FAO, 
2008). The principles combined together, provide desired effects, as such they are 
promoted as remedy to the agricultural problems in the smallholder farming systems in 
EC. However, the use of viable crop rotations and maintenance of permanent soil cover, 
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remain challenging in developing true CA systems by many smallholder farmers (Giller 
et al., 2009).  
High biomass translates to better weed management, soil moisture conservation and 
fertility improvement in addition to the protection of the soil from erosion (SAN, 2007; 
Murungu et al., 2011). Low cover crop biomass realised by farmers has been cited as a 
major limitation for the adoption of the CA technology (Bollinger et al., 2006; Giller et 
al., 2009). The specific reasons for the low cover crop biomass are not known. However, 
lack of knowledge about CA, unavailability of cover crop seed, ever increasing weeds 
under the CA no-till systems, cattle grazing and low soil fertility have been cited as some 
of the contributory factors (Derpsch, 2003; Bollinger et al., 2006; Giller et al., 2009).  
Diagnostic studies, initiated and implemented by the Department of Agronomy at 
University of Fort Hare (UFH) to address the issue of low biomass, evaluated and 
assessed several winter and summer cover crops under the local conditions. The 
preliminary findings suggested vetch (Vicia dasycarpa) and white oat (Avena sativa) as 
the best species under winter irrigation but with poor performance by lupin (Lupinus 
angustifolius) (Musunda, 2010; Ganyani, 2011; Murungu et al., 2011). Selection of oat 
and vetch was primarily based on their ability to produce high and persisting biomass for 
soil moisture conservation and weed control as well as the ability to meet part of the 
nutrient requirement of the subsequent crop (Murungu et al., 2010). Unfortunately, no 
single cover crop species was observed to achieve all these objectives.  
Legumes like vetch have the potential to produce high biomass and fix nitrogen (N), but 
often do not result in permanent soil cover between crops in rotations (Teasdale et al., 
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2007). Furthermore, due to the fast degradation of their residues, legumes have the 
potential to release nutrients for the early growth of the subsequent crop. Conversely, 
grass cover crops persist for a longer period resulting in prolonged soil protection. Due to 
the persistence and slow degradation of grass species, their major contribution would be 
smothering of weeds and soil moisture conservation for extended periods and contribution 
to SOM build-up (Clark et al., 1994). Growing of the identified high potential legumes 
and grass cover crop species, in mixtures, known as biculturing, has the potential to fulfil 
most of the objectives of cover cropping.  
For smallholder cropping systems in the EC, where both weed suppression and soil 
fertility are important factors in maize production, bicultures of legumes and grasses 
could be better compared to sole cover crop species, when planted in rotation with maize. 
Studies by Sainju et al. (2005) and Dabney et al. (2010) noted improved above ground 
biomass yields, with optimum C: N ratios resulting in moderate residue degradation as a 
result of biculturing. Scientific evidence has shown that moderate residue degradation 
leads to moderate biomass persistence and mineralization rates translating to weed control 
and soil nutrient availability for longer periods (Ranells & Wagger, 1996; Teasdale et al., 
2007). However, if indeed oat-vetch bicultures can provide better productivity compared 
to their sole crops, it would be important to investigate the species ratios that would 
deliver higher levels of productivity and their effects on availability of the most limiting 
macronutrients in the EC, N and phosphorus (P). 
Another legume cover crop with good potential for N fixation, even under low P soils as 
those found in the EC is lupin (Weisskopf et al., 2009). However, screening trials at UFH 
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showed poor plant stand and recorded low biomass yields with narrow leafed lupin 
(Lupinus angustifolius var Tanjil) planted at 80 kg ha
-1 
(Murungu et al., 2011). As a 
result, plots grown to lupin cover crop had high weed density. Several studies seem to 
suggest that the low lupin biomass achieved could be a result of low plant density and use 
of an unsuitable cultivar for the local conditions (Putnam, 1993; Harries et al., 2008).  
Selection of a suitable cultivar and sowing rate is much more important for successful 
lupin cover cropping, as the crop is reportedly to be highly sensitive to specific 
environments (Harries et al., 2008). A suitable cultivar and seed density could lead to 
improved cover crop biomass production, early competition ability for resources and 
better control of weeds. High biomass realized from increased plant density could also 
translate to greater residual N and other nutrients for the follow-on crop. It is therefore 
necessary to test commercially available lupin cultivars for adaptability to local agro-
ecologies of the EC for improved biomass production, weed control, soil fertility and 
maize yield. 
The ability to maintain permanent soil cover by the majority of rain fed farmers is still an 
issue of major concern. Summer produced crop residues were observed to degrade before 
the next cropping season (Ganyani, 2011). However, the experience with winter cover 
cropping under irrigation has shown that enough cover crop biomass can be produced 
ensuring soil cover for the subsequent summer crop (Musunda 2010; Murungu et al., 
2011). Investigating the feasibility of producing autumn and or winter-seeded cover crops 
is essential to ensure permanent soil cover all year round, better weed suppression and 
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synchronization of nutrient release and usage by the follow-on summer crop, under rain 
fed conditions. 
Analysis of the long-term rainfall received in and around Alice, in the central region of 
the Eastern Cape, has shown that about 25% of the 575 mm average annual rainfall is 
received in winter (Ganyani, 2011). Hence, it was hypothesised that seeding cover crops 
at the end of summer, as a relay crop would increase the opportunity for a successful rain 
fed winter cover cropping. However, that would entail the use of hardy cover crop 
species. Triticale (Triticale secale), barley (Hordeum vulgare), white oat, vetch and rye 
grass (Lolium multiflorum) have been reported to show some degree of drought tolerance 
(Evans & Scoles, 1976; Marr et al., 1998; Zulfiqur et al., 2006). Hence, it was worthwhile 
to investigate the feasibility of producing cover crops noted to be tolerant to low winter 
rainfall conditions by relaying them into maize under varying winter rainfall conditions 
for biomass production, weed suppression, persistence of residues and effect on 
subsequent maize crop.  
1.2 Main objective 
The overall objective of the study was to evaluate management strategies that can be 
employed to optimize cover crop biomass production for improved weed suppression, soil 
N and P fertility, and subsequent maize yields.  
1.3 Specific objectives 
The specific objectives were 
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1) To determine the effects of oat-vetch cover crop bicultures on biomass production, 
weed suppression and N and P uptake.  
2) To determine effects of oat-vetch cover crop bicultures on biomass persistence 
and residual effect on weed suppression and N and P availability in a follow-on 
maize crop.  
3) To determine the effect of lupin cultivar and plant density on biomass production, 
weed control and maize yield.  
4) To assess the feasibility of winter cover crop species production under rain fed 
conditions of the central region of EC, Alice.  
1.4 Hypotheses 
The hypotheses were 
1) Oat-vetch bicultures perform better with s to cover crop growth, biomass 
production, weed suppression and N and P uptake compared to their sole crops. 
2) Oat-vetch biculture residues can significantly improve biomass persistence, weed 
suppression, and N and P availability during maize growth compared to their sole 
crops. 
3) Lupin cultivars grown at different plant density perform differently with s to 
biomass production, weed suppression and maize yield. 
4) Production of winter cover crop species under rain fed conditions of the central 
region of EC, Alice is feasible. 
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CHAPTER TWO 
2. LITERATURE REVIEW 
 
2.1 Introduction  
Production of high cover crop biomass is a principal determinant to the success of 
conservation agriculture (CA). For this reason, this chapter review focuses on the 
importance of producing large quantities of cover crop biomass in trying to solve 
agricultural problems faced by the Eastern Cape (EC) farmers. Emphasis on the potential 
benefits given by large quantities of cover crop biomass and an exploration of the 
literature on the various ways of optimizing cover crop biomass for improved benefits 
was necessary. However, some sections of the literature review are abridged to avoid 
repetition of information with that presented in the specific study introduction sections.   
2.2 Crop production challenges in the Eastern Cape Province 
Crop production in the EC is beset with a multitude of obstacles. The majority of the 
farming population are resource poor smallholder farmers, depending on maize as a staple 
food, which makes it by far, the most important crop grown in the province. However, 
maize yields realised by these farmers are low, averaging less than 1.8 t ha
-1
 under rain 
fed systems and less than 3 t ha
-1
 under irrigation (Fanadzo, 2007). The low maize 
productivity is due to agronomic and socio-economic factors in addition to the low 
summer rainfall received in the central EC (Fanadzo et al., 2009).  
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Due to high pressure to produce maize, farmers in the EC tend to plant the crop 
continuously without any rotations. The continuous maize cropping system is often 
accompanied by low external inputs such as fertilizers and herbicides leading to reduction 
in maize yields. Mandiringana et al. (2005) noted that the majority of the soils in EC are 
poor in N and P, hence without supplementation with other forms of fertilizers no 
meaningful maize yields can be realised. Furthermore, weed management challenges have 
been reported to seriously reduce maize yields as herbicides are out of reach for the 
resource poor farmers. Fanadzo (2007) reported total crop failure with farmers 
abandoning their fields because of high weed infestation. Delayed planting due to the lack 
of tillage services also explains the low crop productivity (Fanadzo et al., 2009). 
Some of the problems bedevilling crop productivity in EC have been noted to emanate 
from soil degradation. The EC is amongst the three provinces in SA with the highest 
indices and at high risk of soil degradation (Le Roux et al., 2008). This is because the 
majority of soils in EC are shallow and dispersible hence prone to soil erosion (Fox & 
Rowntree, 2001). Other major drivers behind soil degradation are intensive soil 
preparation by hoeing or ploughing combined with removal of crop residues, which 
reduces soil organic matter. Such fields are exposed to climatic hazards such as rain and 
wind. The lack of soil cover promotes soil erosion and hence nutrient loss, which is 
regarded as the most important form of soil degradation in the world (Laker, 2004). 
Improvement of soil cover and soil organic matter could make a significant contribution 
in reducing soil and nutrient losses caused by erosion. 
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No-till agriculture and use of crop rotations have been promoted as sustainable agriculture 
interventions to mitigate some of the challenges discussed above (Derpsch, 2005; 
Twomlow et al., 2008). Rotational crops, particularly legumes, managed to improve soil 
fertility. Whereas no-till agriculture managed to conserve soil moisture and curb soil 
erosion, it had minimum effect on soil fertility and weed control (Hobbs, 2007). In some 
instances, no-till agriculture practiced alone, increased weed infestation due to reduced 
mechanical weed control and lack of soil cover (Twomlow et al., 2008). However, 
conservation agriculture is a new technology which takes a more holistic approach to 
sustainability with much wider application in different agro-ecological zones and farming 
systems (Derpsch, 2005, Hobbs, 2007) and is currently being promoted in many parts of 
the world including the EC for increasing sustainability of agricultural systems (Derpsch, 
2005). 
2.3 Conservation agriculture in the Eastern Cape Province 
Conservation agriculture is thought to have the potential to arrest and reverse the effects 
of soil degradation. It is an encompassing solution to soil erosion, poor soil fertility and 
high weed infestation facing the resource poor smallholder farmers in the EC. Practicing 
CA has been reported to result in many benefits, such as reduced production costs, 
reduced soil erosion, improved weed control, moisture conservation and restoration of 
soil health without compromising food security and poverty alleviation among other 
objectives (FAO, 2008). Reports from the Brazilian Cerradors confirm that CA 
successfully rehabilitated the once degraded soils back to appreciable productive levels 
(Ekboir, 2002).  
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Borrowing from the Brazilian experiences, Conservation Agriculture Thrust (CAT) was 
established as a joint initiative between the EC Department of Agriculture and UFH to 
promote CA in EC (FAO, 2011). Regardless of the numerous efforts by such 
organisations as CAT and the recorded CA benefits, the adoption of full CA system has 
been poor, especially by smallholder farmers due to socio-economic and biophysical 
limitations (Bollinger et al., 2006). One major limitation noted has been the lack of or low 
cover achieved in the CA systems as currently practiced, often resulting in weed 
problems. Competition for crop residues in mixed crop-livestock systems is another 
reason putting pressure on crop residues for soil cover (Twomlow et al., 2008; Derpsch & 
Friedrich, 2009).  
A number of successes were observed in diagnostic studies carried out at UFH to improve 
cover crop biomass production, which include selection of winter cover crop species for 
improved biomass yields, soil cover, weed control and nitrogen fixation (Musunda, 2010; 
Ganyani, 2011; Murungu et al., 2011). The studies noted white oat and grazing vetch as 
the best winter cover crop species under irrigation, with biomass averaging 13873 and 
8945.5 kg ha
-1
, respectively, whilst lupin had the lowest, averaging 1226 kg ha
-1
. Grazing 
vetch mulch was also noted to be effective in increasing the soil mineral N status. Forage 
sorghum (Sorghum bicolor) and sunflower (Helianthus annus) were identified as high 
biomass producers under summer rain fed conditions and their dry matter yields ranged 
from 8-12 t ha
-1
. Cover crop biomass was observed to be directly related to the weed 
suppression.  
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Whereas legume cover crops such as grazing vetch were noted to improve maize yields 
under irrigation, mainly due to fertility improvement, their residues could not persist, 
while grass cover crop residues were more effective for moisture conservation and weed 
control (Murungu et al., 2011). Furthermore, lupin plant stand was poor and could not 
produce enough biomass for successful weed control and fertility services regardless of 
successes reported elsewhere in the Mediterranean climate (Luis et al., 2000; Murungu et 
al., 2011). Summer cover crops were useful in generating high biomass in rain fed 
cropping systems in the EC, however, their residues could not persist to the next planting 
season leaving dry land farmers without a viable recommendation that could ensure soil 
cover all year round.  
2.4 Cover crop biomass and its importance under CA systems 
Production of high biomass by cover crops is an important variable used in screening for 
appropriate species for the success of a CA system. High biomass production often 
translates to realisation of maximum benefits from cover cropping (SAN, 2007). Large 
amounts of biomass increase soil nutrient uptake, which can potentially mineralize for the 
benefit of a follow-on crop (Vyn et al., 2000). Similarly, Murungu et al. (2011) observed 
a negative correlation between cover crop biomass and weed abundance measures, 
suggesting the importance of attaining high biomass for effective weed control. With the 
majority of smallholder farmers in EC being subsistence and practicing mixed farming, 
the choice and management of cover crops must ensure that the biomass produced is 
sufficient to satisfy all their needs i.e. food requirement, livestock feed and leaving some 
for soil cover.  
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Whilst there is no specific amount of biomass prescribed, Twomlow et al. (2008) suggest 
that 30% or more of the ground be covered by mulch, whilst Derpsch (2005) denoted that 
the soil should be covered with above 6 t ha
-1
 of dry matter per year. Investigations by 
Toure et al. (2011) observed that for most residue types, biomass amounts of 800 kg ha
-1
 
would be enough to provide 30% ground cover for effective soil erosion control. 
Distribution and type of residues are equally important, with uneven distribution resulting 
in poor performance of planters, herbicides, and the plants themselves. Unevenly 
distributed residues can cause crop variability (Ekboir, 2002). Residues of less than 2.5 t 
ha
-1
 have been used successfully in semi- arid areas (Louw & Bennie, 1992; Derpsch, 
2005). 
Legume cover crop species decompose too fast in subtropical environments, making it 
difficult to maintain adequate soil cover, whereas, crops like rye, barley and oat produce 
too much straw, which at times hinders the performance of no-till equipment. Ekboir 
(2002) reported that farmers in Brazil eliminated some of the residue by accelerating its 
decomposition, burning it, or removing it from the field. The above facts show that the 
issue of residue management depends on the specific environmental and social 
conditions, more so on the target goals to be achieved by cover cropping. 
2.5 Role of cover crops in weed management under CA systems 
The common weed species found in areas around UFH include Cynodon dactylon, 
Cyperus esculentus, Ageratum conyzoides and Nicandra physaloides (Fanadzo et al., 
2010). Control of these and other weed species by the majority of the local smallholder 
farmers is largely dependent on hand weeding which involves pulling or hoeing and 
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herbicides are rarely used. Whereas this method is effective in weed control, crop yields 
still suffer due to wrongly timed and insufficient weeding.  Farmers often rely on family 
labour, which is often not enough during the peak periods (Fanadzo, 2007). Furthermore, 
the method is backbreaking, hence weeding is normally postponed until weeds are well 
established, which inevitably results in severe yield reductions due to increased root 
pruning of the crop (Joubert, 2000). The maize cereal monocropping does not help either, 
as it can potentially lead to build-up of weeds adapted to the maize crop. 
The principal goal of using cover crops for weed control is to replace an unmanageable 
weed population with a manageable cover crop (Teasdale, 1996). Weed control under CA 
is based on an integrated set of techniques: agronomic (mulch cover, crop rotation and 
appropriate sowing date), mechanical (hand pulling, slashing and the use of knife rollers) 
and chemical (use of desiccants or other rapidly decomposing herbicides only where 
needed, mainly during the transition to CA). Cover cropping which is an agronomic 
technique provides a cost effective and easy way of controlling weeds. Residues suppress 
weed growth by altering light and temperature to the ground (Teasdale et al, 2007), as 
well as providing a barrier to emerging weed seedlings. 
Allelopathy, which refers to the release of toxic compounds by one plant to a 
neighbouring plant, is one way in which cover crops are able to suppress weeds (SAN, 
2007). The toxic compounds are reported to be ranging from simple hydrocarbons and 
aliphatic acids to complex polycyclic structures and their effects on weeds can be direct 
or indirect. The indirect effects include altering soil properties, nutritional status and 
population or activity of microorganisms whilst the direct effects involve the 
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biochemical/physiological effects of allelo-chemicals on various important processes of 
plant growth and metabolism (Rice, 1984).  
Researchers have reported that vetch can suppress weeds such as yellow foxtail (Setaria 
glauca) and yellow nutsedge (Cyperus esculentus) while wheat (Triticum aestivum) and 
rye can suppress morning glory (Ipomoea purpurea), chickweed (Stellaria media) and 
pigweed (Amaranthus species) (Rice, 1984; Teasdale et al., 2007). The allelopathic 
effects of vetch are said to be more apparent if the cover crop is incorporated rather than 
left on the surface as normally practiced under no-till management (Teasdale et al., 2007). 
However, incorporation of residues into the soil to improve allelopathic control of weeds 
would compromise one principle of CA, practicing minimum tillage. 
A cover crop should also be able to develop rapidly and form a dense ground covering. A 
vigorous and fast-growing cover crop can compete strongly with weeds for space, light, 
nutrients and moisture resulting in reduction of weed growth by 80–100% (Teasdale et 
al., 2007). Production of high biomass by the cover crop is an important factor in weed 
management under CA systems and is often negatively correlated to weed biomass 
(Sheaffer et al., 2002; Murungu et al., 2011). However, it is important to note that weed 
suppression by cover crops will be less effective as the residues decompose. Favourable 
climatic conditions such as warm temperature, adequate moisture and increased tillage 
often increase the rate of residue decomposition. The rate of residue decomposition is 
slowed by a high C: N ratio of the residue. Mature small grain cover crop such as oat or 
rye have a higher C: N ratio of above 25 compared to legumes such as vetch, which have 
C: N ratios of around 12. Mixtures of legumes and small grains are intermediate in rate of 
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decomposition with C: N ratios of around 18 (Jung et al., 2004). Whereas, the 
decomposition of such residues may compromise weed control, it results in net 
mineralization of N, which contributes to soil fertility. 
2.6 Role of cover crops in soil fertility improvement 
Poor soil fertility is a major constraint to crop production in the EC, and is primarily 
caused by inherently poor soil quality and inappropriate soil management practices. The 
soils in the central region of the EC contain low to very low amounts of N and P, the 
macronutrients essential for maize growth (Mandiringana et al., 2005). The farmers are 
reported to add nothing or very little chemical fertilizers or animal manure due to lack of 
the financial means and the animals, respectively (Fanadzo et al., 2010). Furthermore, 
farmers normally practice monoculture and continuous cropping of maize resulting in 
removal of nutrients (Mandiringana et al., 2005). In such a scenario, improvement of soil 
fertility becomes an important cover cropping objective.  
Cover crops improve or maintain soil fertility by keeping the soil organisms at balance, 
ensuring efficient cycling of soil nutrients, storing water and draining excess (SAN, 
2007), hence creating an environment in which crops can thrive. One specific benefit of 
cover cropping is the addition of SOM from the residues. Benefits of SOM include 
improved soil structure, increased infiltration, water holding capacity, cation exchange 
capacity and efficient long-term storage of nutrients (SAN, 2007). Soil organic matter 
promotes soil organism populations some of which are known to produce polysaccharide 
and water insoluble protein glomalin bi-products. These chemicals help in binding the soil 
together improving aggregation.  
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In addition to improving soil structure, cover crops enhance nutrient cycling in CA 
farming systems by either fixing up or taking up nutrients that otherwise might leach out 
of the soil profile and pollute ground and surface water bodies. However, the ability of 
cover crops to enhance the most limiting macronutrients in EC i.e. N and P would be of 
paramount importance for the local farmers.  
2.6.1 Nitrogen 
Cover crops’ contribution to soil N fertility is due to their ability to take up soil N and 
through biological N fixation by legumes followed by its release through mineralization 
of the residue. Nitrates are normally present in the soil at the end of a cropping season if 
the crop did not use the entire N applied or from decomposing organic matter. Nitrogen in 
the nitrate form is highly water-soluble and vulnerable to leaching. Grass species of cover 
crops have been observed to grow deep roots, which scavenge for leached nutrients and 
move them upwards to the surface-rooting zone (Ranells & Wagger, 1996). Cover crops 
reduce nitrate leaching in two ways. Firstly, they absorb available nitrate for their own 
needs and secondly they use some soil moisture, hence reducing the amount of water 
available to leach the prone nutrients (SAN, 2007). 
Whilst grass cover crops contribute to soil fertility as catch crops, legume cover crops are 
known to fix considerable amount of N into the soil, aiding in the N nutrient cycling. The 
biological N fixation by legumes is done through symbiotic association with Rhizobium 
bacteria, which convert atmospheric N into an organic form that the legume crop uses for 
growth. In temperate and tropical environments, cover crops such as vetch (Vicia sativa) 
accumulate 150-250 kg N ha
-1
 (Cherr, 2004). Field crops grown after legumes can take up 
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at least 30 to 60% of the N that the legume produces, reducing the N fertilizer 
requirements accordingly (Kuo et al., 1996). 
2.6.2 Phosphorus 
The advantage of cover cropping for P nutrition involves the accumulation of soil P by 
the cover crop. Deep-rooted cover crops bring up leached P into the active organic matter 
when the cover crop dies, though P is known to leach at very slow rates (Brady & Weil, 
2008).  Phosphorous is subsequently released when the cover crop is killed. Numerous 
studies have shown that some cover crops can provide a P nutritional benefit for the next 
crop compared to crops grown without a preceding cover crop (Murungu et al., 2010)  
Considerable differences exist in the way different cover crop species provide for 
additional P to the subsequent crop. Research has shown a greater P benefit from legume 
cover crops than from grass cover crops. Cover crops develop beneficial mycorrhizal 
relationships with fungi, forming extensions of root systems through fungal hyphae. The 
fungal hyphae extensions take up water and soil nutrients to help feed plants. In low P 
soils, the hyphae can increase the amount of P taken up by cover crops. In return, the 
fungi receive energy in the form of sugars that cover crop plants produce (Weisskopf et 
al., 2009). The greater P benefits could be a result of faster decomposition of legume 
residues, releasing inorganic P, which is less likely to leach because of its lower mobility 
in the soil. Furthermore, legumes are also efficient in the redistribution of the less mobile 
P fraction from superficial layers to lower layers where it can be accessed by plants 
(Franchini et al., 2004). 
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However, it is important to note that, both cover crops and mycorrhizal fungi do not 
provide any new P to the soil, but allow the existing soil P reserves to be used more 
efficiently (Franchini et al., 2004). Hence, removal of P from the field through the 
harvested produce may reduce nutrient supply and replacement with an additional supply 
to maintain sustainability would be necessary. It is therefore necessary to develop 
strategies that keep nutrients in the system and when equilibrium conditions are reached, 
the nutrients will be made available when required by a growing crop. 
2.7 Possible strategies for cover crop biomass optimization for improved fertility and 
weed suppression 
2.7.1 Grass and legume biculturing 
Growing of two species, a legume and grass cover crop mixed together, known as 
biculturing, is a cover cropping strategy with potential to improve both biomass 
persistence and soil fertility. The combination of the two species can fulfill a dual purpose 
of nitrate scavenging and N fixing. Vetch and rye biculture has been reported to improve 
above ground biomass yields (Sainju et al., 2005). Sullivan et al. (1991) found that more 
biomass accumulated in a vetch-rye biculture than in either vetch or rye monoculture. 
They also found that the N content of rye grown with vetch was higher than N content in 
rye grown alone and the C: N ratio of rye was lower when it was grown with vetch than 
when grown as a sole crop.   
High C: N ratio by a grass cover crop slows soil degradation while enhancing action on 
weed control and soil moisture conservation. Whereas the low C: N ratios by legumes 
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hasten degradation and promote mineralization of nutrients, the residues may not be able 
to control weeds long enough. Low cover crop C: N ratios mean that more N would be 
available for crop needs sooner than in a grass monoculture (Odhiambo & Bomke, 2001). 
However, a biculture cover crop residue will have a more rapid rate of mineralization than 
a grass monoculture and the presence of a grass in a biculture will moderate the rapidity 
of decomposition of a legume cover crop (Rosecrance et al., 2000).  
Bicultures are also thought to be more productive and efficient compared to their sole 
crops because of the difference in growing characteristics given by the species. In the case 
of oat and vetch, oat is known to establish and grow faster than vetch while vetch is much 
more tolerant of the cold temperatures that oat (Sainju et al., 2005).  Other factors thought 
to contribute to the improved biomass quantity in bicultures are; N being transferred from 
the legume to the cereal (Ranells & Wagger, 1996), the higher seeding rates in a biculture 
than in a monoculture (Clark, et al., 1994). The upright growth habit of oat provides an 
excellent scaffold for the vine growth habit of vetch to grow upward, thereby intercepting 
a greater percentage of light and reducing growth competition between the two species 
(Ranells & Wagger, 1996). It is clear from the discussion above that biculturing can be 
used to grow two species together with different characteristics, however, it may entail 
altering the seed densities of the component crops to achieve optimum biomass and other 
cover crop services.  
2.7.2 Cover crop planting density 
Weed management is a challenge under the no-till CA systems. This is because no-till 
practiced alongside cover cropping does not allow turning of the soil through hoeing 
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making it difficult to control weeds. However, a more cautious and efficient way of 
controlling weeds in cover cropping is manipulating the agronomic practices, making 
conditions more favourable for the cover crop and unfavourable for weeds. Plant density 
is one agronomic practice, which enhances the cover crop’s ability to compete more 
effectively against the weeds.  
Cover crop competitive ability can be enhanced by choosing a plant density that would 
ensure that maximum space is filled in the shortest possible time with cover crops rather 
than weeds. Increasing cover crop plant density would lead to increased biomass. Dense 
cover crop plants compete better with weeds (Teasdale et al, 2007) and result in greater N 
uptake (Vyn et al., 2000). Hence, a high seeding rate may allow farmers to eliminate or 
reduce herbicide rates and fertilizer application.  
Local studies showed that lupin’s plant stand was poor and could not compete with 
weeds. Hence, this study hypothesized that lupin‘s competitive ability can be improved. 
Studies by Luis et al. (2000) showed increased lupin dry matter with use of increased 
seed density and found the optimum plant density to be 60 plants m
-2
. However, 
increasing planting density also increases opportunity for intra-specific competition to 
occur simultaneously below and above ground. Luis et al. (2000) reported increased 
susceptibility of lupin seedlings to Phythopthora root rot when grown under crowded 
conditions due to rapid spread of disease. Because increasing planting density reduces 
plant fitness, it is likely that plants exposed to high degrees of competition may become 
more susceptible to disease and infection.  
21 
 
It may be envisaged that determinate cover crops will respond more to seeding rates as 
opposed to indeterminate cover crops. Rye seeding rates significantly affected dry matter 
yields while vetch-seeding rate did not (Clark et al., 1994). Higher seeding rates of 
legume and cereal in bi-culture than in monoculture result in increased biomass yields 
(Sainju et al., 2005). Clark et al. (1994) recommended that cereals should be grown at 
50% of monoculture density and legumes at 68% of monoculture density. It is quite clear 
that the response of cover crops to time and density of planting could be affected by the 
species and cultivar. 
2.7.3 Cover crop species and cultivar choice 
In order to successfully integrate cover crops in the CA production system, it is crucial to 
select the plants that are adapted to the different soil and climatic conditions and that have 
growth characteristics that allow it to fit in the rotation scheme as well as fitting the 
farmer’s primary goals (Derpsch, 2005; SAN, 2007). While a farmer might want as many 
goals from a cover crop, it is important to decide on the few most important ones to 
simplify the selection of cover crops.  Some of the common goals for cover cropping are; 
to provide nitrogen, add organic matter, improve soil structure, reduce soil erosion, 
provide weed control, manage nutrients and conserve soil moisture. Weed control and 
fertility are the major goals for the majority of EC smallholder farmers.   
Several screening trials were conducted at the UFH for both summer cover crops 
(Ganyani, 2011) and winter cover crops (Murungu et al., 2010; Musunda, 2010) to either 
provide cover for preserving soil against erosion, contribute to weed suppression and or 
improve productivity of degraded soils. Potential cover crops noted were vetch and oat 
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for winter season and sunhemp, cowpea and sorghum for summer dry land system 
(Murungu et al., 2010; Ganyani, 2011). The amount of biomass produced by these cover 
crops was one of the primary variables of importance in the screening studies as it is 
directly linked to the success with cover cropping.   
Type of cover crop species has an effect on total biomass production as well as C and N 
uptake. Grass cover crops do not add N to the system, but help conserve N through crop 
uptake and immobilization (Clark et al., 1994). Farmers’ needs or cover cropping goals 
also influence species selection. For example, if the purpose of a cover is to provide 
readily available biologically fixed N for subsequent crops, then a legume such as vetch 
or lupin could be ideal. If the cover crop will be managed as surface mulch for weed 
suppression or incorporated to improve soil quality, then a grass cover crop such as rye, 
white oat or barley will be preferred (Clark et al., 1994; Teasdale et al., 2007). In some 
instances, both secondary benefits of weed suppression and fertility addition maybe 
necessary, then production of the two species in a mixture might be necessary. 
2.7.4 Cover crop planting time 
Cropping intensity on smallholder irrigation farms is very low, less than 48%, and 
farmers rarely plant winter crops, leaving the land fallow throughout the winter (5-6 
months) and thereafter planting the summer maize crop (Fanadzo et al., 2010). Reasons 
for low cropping intensities include infrastructure deficiencies, poor operational and 
management structure, lack of technical knowledge, laziness and lack of financial 
resources (Fanadzo et al., 2010). Therefore, use of winter cover crops is a potential 
avenue of introducing CA in EC, as the majority of the farming land is usually not planted 
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in winter on most smallholder farms. Furthermore, planting cover crop during the 
commonly winter fallow, would ensure that the soil is covered all year round before the 
next summer crop. 
Planting time of cover crops is very critical to cover crop biomass production and 
consequent weed suppression and soil fertility enhancement. Odhiambo and Bomke 
(2001) showed that early planting of winter cover crops result in exposure to warmer 
temperatures and longer day length before onset of shorter day length periods and 
freezing temperatures. This is because decreasing minimum temperatures as well as lower 
maximum temperatures result in slowed cover crop growth rates. However, for 
intercropped cover crops, Musunda (2010) and Ganyani (2011) observed that cover crops 
would produce maximum biomass if planted simultaneously with maize than to be 
relayed later in the season.  
However, planting date in the context of this study was manipulated to increase the 
feasibility of cover crop production, under rain fed systems. Pulling cover crop planting 
into part of summer is one strategy that can be employed to maximize on summer tail 
rains and reduce the winter drought risks. The majority of farmers under rain fed often 
suffer more from the effects of soil degradation. Production of rain fed winter cover crops 
is perceived to be largely limited by low moisture especially in regions receiving summer 
rainfall only.  
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2.8 Conclusion 
The literature survey has shown that soil degradation, poor soil N and P fertility and weed 
pressure are factors limiting maize yield in the EC. Promotion and adoption of CA could 
potentially mitigate the identified problems. One principle of CA, the maintenance of 
permanent ground cover through cover cropping could be a suitable entry point to CA for 
many of the smallholder farmers. Various benefits of cover crops were clearly laid out, 
varying from weed suppression, soil moisture conservation, and fertility improvement.  
However, cover crop species can be specific concerning the benefits they provide. 
Production of cover crop bicultures is a way of maximising cover crop benefits. However, 
there is an information gap on the performances of these bicultures under local conditions 
and ideal mixture ratios. One possible way of improving the competitive ability of lupin 
would be use of optimum plant density and right cultivar suitable to the local agro-
ecological conditions. The literature also revealed the needy for rain fed farmers to 
incorporate cover cropping in their mainly cereal monocropping. Relaying of drought 
tolerant cover crop species into growing maize seems to be a feasible way of introducing 
cover crop under rain fed and as well as ensuring their survival during the mostly dry 
winter periods. The studies that follow were therefore designed with an aim of 
investigating cover crop management strategies such as biculturing, increasing cover crop 
plant density and rain fed cover cropping by relaying into maize at varying planting dates 
and their effects on cover crop biomass, weed suppression, soil N and P fertility and 
maize yield. 
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CHAPTER THREE 
3. EFFECTS OF OAT (Avena sativa) AND VETCH (Vicia dasycarpa) COVER 
CROP BICULTURES ON BIOMASS PRODUCTION, WEED 
SUPPRESSION AND, N AND P UPTAKE UNDER IRRIGATION 
 
Abstract 
Production of a multipurpose cover crop is of interest to Eastern Cape (EC) farmers 
experiencing both soil infertility and weed problems. A field experiment was conducted 
to investigate the effects of oat-vetch bicultures on biomass production, weed suppression 
and N and P uptake. The treatments were 90% oat + 10% vetch, 70% oat + 30% vetch, 
50% oat + 50% vetch, 100% vetch, 100% oat and a control with no cover crops. The 
experiment was laid in a randomized complete block design with three replicates. A 
compound fertilizer with a ratio of 2:3:4 (30) of N: P: K was applied to the cover crop at 
planting to supply 13.34 kg N ha
-1
, 20 kg P ha
-1
 and 26.66 kg K ha
-1
. The cover crops 
were killed by rolling and application of Glyphosate at a rate of 3 L ha
-1 
at flowering. 
Biculturing significantly increased (P<0.05) biomass compared to sole vetch and 
decreased biomass compared to sole oat during the 2009 season. As a result of grazing on 
sole oat, treatments involving bicultures had significantly higher biomass than that of both 
sole oat (P<0.001) and vetch (P<0.05) in 2010 season. Weedy fallow consistently gave 
significantly higher (P<0.05) weed dry weights, while all cover crop treatments had 
comparable weed dry weights at most of the sampling dates. All cover crop treatments 
had reduced weed species counts in 2010 compared to 2009 season. Weedy fallow 
maintained significantly higher (P<0.05) weed species count in both seasons. Season X 
cover crop interaction was significant (P<0.05) concerning N and P uptake by cover 
crops at termination. In both seasons, sole vetch had significantly higher N uptake, which 
was comparable to that of 50% oat + 50% vetch and 70% oat + 30% vetch. In 2009 
season, all cover crop treatments had comparable P uptake means, which were only 
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significantly different to the weedy fallow.  In 2010 season, 90% oat + 10% vetch, 70% 
oat + 30% vetch and sole vetch had comparable P uptake means. Weedy fallow had the 
least N and P uptake during the two seasons. Biculturing can increase biomass yields to 
above that of sole vetch  and result in comparable N and P uptake with that of sole vetch 
without compromising the weed action as given by sole oat.  
Key words: Conservation agriculture, cover crop biomass, oat-vetch bicultures. 
3.1 Introduction 
The Eastern Cape is one of South Africa’s provinces worst affected by soil degradation 
(Fox & Rowntree, 2001; Fatunbi & Dube, 2008). Poor agricultural practices leave the soil 
without cover, promoting erosion and loss of nutrient rich soil particles leading to reduced 
soil productivity (Laker, 2004). In order to increase and stabilize soil productivity, control 
of soil erosion is essential. One key principle of conservation agriculture is permanent soil 
cover, a potential solution to the problem of soil degradation observed in the Eastern Cape 
Province. The proponents of CA suggest the use of cover crops, grown in rotation or 
intercropped with the main crop as a way of providing permanent soil cover, increasing 
aggregate stability and eventually reducing erosion. 
Cover crops provide several other advantages besides reduction of soil erosion. Some that 
are cited in the literature include; weed suppression, mining of leached nutrients, 
improved soil organic matter, nitrogen fixation and general improvement in soil fertility 
(Derpsch, 2008). However, no single cover crop species can achieve all these benefits on 
its own. Production of two cover crop species together, usually a legume and a grass, 
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known as biculturing, offers an option that can deliver diverse benefits compared to their 
monocultures (Sainju et al., 2005; Dabney et al., 2010). 
Differences have been noted among cover crop species regarding their growth, amount of 
biomass contribution, weed suppression and nutrient uptake. Grasses germinate earlier 
and develop root systems at a faster rate than legumes (Ranells & Wagger, 1996), hence 
may have effective early season weed control.  They also contribute to large increases in 
soil organic matter by supplying carbon through increased biomass production 
(Odhiambo & Bomke, 2001; Lithourgidis et al., 2006). However, grasses have been 
observed to provide little N for growth of the follow-on crop and are less economic as 
they require large amounts of N fertilizer to attain acceptable biomass compared to 
legumes (Murungu et al., 2010). 
Conversely, legume species biologically fix N, improving soil N, for the benefit of a 
succeeding crop, resulting in yield increases (Kuo et al., 1996; Crandall et al., 2005). In 
temperate and tropical environments, vetch (Vicia sativa) can accumulate 150-250 kg N 
ha
-1
, replacing about two-thirds of N required for maize production (Crandall et al., 
2005). Most cover crop species have the capacity of a symbiotic interaction with 
Arbuscular mycorrhizal fungi thereby increasing P uptake. Legumes decompose faster, 
due to lower C: N ratios than grasses leading to improved availability of P for the follow-
on crop (Xin et al., 2005). Hence, legume cover crops have the potential to improve 
yields of follow-on crops in the Eastern Cape where low levels of N and P are a major 
constraint to improved crop productivity, particularly of maize, the staple crop 
(Mandiringana et al., 2005; Fanadzo et al., 2009). 
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Screening cover crops for high biomass yield under conditions of the Eastern Cape has 
shown that vetch (Vicia dasycarpa), and oat (Avena sativa) are the best bet cover crop 
species under irrigation (Murungu, et al., 2010). Sole crops of these two species as 
individuals do not adequately address high weed infestation and low soil fertility, both of 
which are challenges in the production of crops on many smallholder farms in the Eastern 
Cape. Previous research has shown high biomass yields with optimum nutrient uptake 
from cover crop bicultures as a result of their efficient light utilization (Clark et al., 2007) 
and transfer of symbiotically fixed N to grasses. However, the beneficial effects of cover 
crop bicultures may vary with the species ratios in the mixture.  
Varying cover crop species ratios have been recommended for high biomass and nutrient 
uptake, including 50% rye and 68% vetch (Clark et al., 1994), 2:1 rye-vetch (Clark et al., 
1997), 90% triticale + 10% vetch (Sebahattin et al., 2004) and 70% rye + 30% vetch 
(Lithourgidis et al., 2006). This variation in seeding ratios could have been due to the 
species of grass and legume in the biculture as well as the different climatic conditions 
and soil characteristics in the study areas. This study was carried out to determine the 
effects of oat-vetch cover crop bicultures on biomass production, weed suppression and 
uptake of the most limiting nutrients, N and P under the local conditions of the central 
region of Eastern Cape. 
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3.2 Materials and methods 
3.2.1 Experimental site 
The study was carried out at the University of Fort Hare Research Farm (32
o 47′ S and 27o 
50′ E). The farm is at average altitude of 508 metres above seas level and has a warm 
temperate climate with an average annual rainfall of about 575 mm and an annual mean 
temperature of 18
o
C. The soil is of the Ritchie family of the Oakleaf form (Soil 
Classification Working Group, 1991) and a Eutric Cambisol according to the World 
Reference Base for Soil Resources (WRB) system (IUSS Working Group WRB, 2006). 
The soil at the initiation of the experiment had a pH of 5.9 (water), an electrical 
conductivity of 0.14 d Sm
-1
 and total C and N was 1.1 and 0.087 %, respectively and 
inorganic P was 2.01 mg kg
-1
. The soil type is sandy loam with 64.2% sand, 16.0% silt 
and 19.8% clay (Mandiringana et al., 2005). 
3.2.2 Treatments and experimental design 
Vetch (Vicia dasycarpa var Max) and white oat (Avena sativa var Pallinup) cover crops 
were grown as bicultures at three ratios and as monocultures in winter seasons of 2009 
and 2010. Treatments were 90% oat + 10% vetch, 70% oat + 30% vetch, 50% oat + 50% 
vetch, 100% oat, 100% vetch (where % refers to the percentage of the recommended 
seeding rate used in the monoculture). The recommended rates were considered 100 and 
50 kg ha
-1
 for oat and vetch, respectively (Murungu et al., 2011).  A weedy fallow 
treatment was included as a control. The experiment was laid out in a Randomized 
Complete Block Design (RCBD) with three replicates.  
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3.2.3 Agronomic practices 
Land was ploughed, disked and rotovated to make a fine tilth before the initial cover crop 
establishment using a tractor-drawn plough and harrow. At the second establishment of 
cover crops, no ploughing was done in line with the principles of CA. Cover crops were 
seeded on 30
th
 of April 2009 and 29 April 2010 in the first and second season, 
respectively. Weeds were controlled by spraying with Glyphosate (360 g L
-1
) at a rate of 
3 L ha
-1
 at cover crop planting. Cover crops were drilled into small furrows spaced 30 cm 
apart in plot sizes of 5.4 m X 6 m. Vetch was inoculated with Rhizobium leguminosarium 
bio var viciae inoculant having  5 x 10
8
 rhizobial cells g
-1
 (Stimuplant CC, Zwavelpoort 
0036, SA), at planting. Only basal fertilizer was applied to all the cover crop treatments at 
planting at the rate of 200 kg ha
-1
 of compound fertilizer with an N: P: K ratio of  2:3:4 
(30) + Zn which supplied 13.33 kg N ha
-1
, 20 kg P ha
-1
 and 26.66 kg K ha
-1
. 
Supplementary overhead irrigation water was applied to all treatments as summarized in 
Table 3.1. All plots received similar amounts of irrigation. Neither weed nor pest control 
was done during the growth of the cover crop. Cover crops were killed at early flowering 
stage by tractor rolling and application of Glyphosate herbicide. Cover crops were 
terminated on the 5
th
 of September 2009 and 10
th
 of September 2010 in first and second 
season, respectively. 
3.2.4 Data collection 
Two randomly thrown 0.35 m x 0.35 m quadrants were used for cover crop and weeds 
destructive sampling per plot. Cover crop and weed biomass sampling was done at 33, 47, 
61, 77, 105, 128 days after sowing (DAS) in 2009 and at 59, 84, 101, 117 and 132 DAS in 
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2010. All cover crop and weed biomass present within the quadrant were cut at ground 
level, separated according to cover crop and weeds and oven-dried at 65
o
C to constant 
mass for dry weight determination. Weed species count was determined at cover crop 
termination using the same quadrants as above and weeds were identified following the 
guidelines by Bromilow (1995). 
Cover crop and weed samples harvested separately at killing date (termination) were 
ground to pass through a 1 mm sieve and C and N content (%) were determined by dry 
combustion using the C/N LECO analyzer (LECO Cooperation, 2003). Total P content 
was determined by wet digestion with H2SO4 and concentration of P in the digesting 
solution was measured using antimony potassium titrate solution as outlined by Okalebo 
et al. (2002). The C, N and P uptake by the cover crops was determined by multiplying 
the C, N and P contents by the cover crop dry weight. 
3.2.5 Data analyses 
Analysis of variance (ANOVA) was performed using Genstat Statistical package release 
12.1 (Lawes Agricultural Trust, 2009) on all data collected on cover crop, weed biomass 
and plant nutrient. Data on weed species numbers were transformed using log (count+0.5) 
to normalize the data before subjecting to ANOVA. Cover crop growth rate (CGR) was 
analyzed by comparing the slopes of the regression lines when cover crop dry weight 
accumulation was plotted against time. The slope and the regression coefficients give an 
indication of the CGR (Fageria et al., 2006). This method was used due to the limited 
number of sampling points, which made it difficult to plot a sigmoid curve to analyze 
growth. To determine differences in cover crop growth rates, methods described by 
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Gomez and Gomez (1984) were used to test homogeneity of the regression coefficients 
for plots of dry weight accumulation against time. Treatment means were separated using 
the least significance difference (LSD) at 5% probability level. Where transformation was 
not required, means and least significant differences (LSD) are presented. Where 
transformation was required, back-transformed means are shown, without presentation of 
the LSD, as it is not appropriate (Gomez & Gomez, 1984). Significant differences were 
identified at P<0.05. Correlation analyses were done to determine the relationship 
between cover crop and weed dry weights. 
3.3 Results 
3.3.1 Rainfall and irrigation 
The temperature during cover crop growth in the two seasons was comparable to the 
long-term 30-year mean temperatures (Table 3.1). The cover crops received a total of 249 
mm and 272 mm in both rain and irrigation in 2009 and 2010 season, respectively. 
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Table 3.1: Mean monthly temperatures, rainfall and irrigation at the UFH Research Farm 
from May to September in 2009 and 2010 seasons  
 Temperature (oC) Rainfall (mm) 
Irrigation 
(mm) 
 2009 2010 
30 
year 
mean 
CV 
(%) 2009 2010 
30 year 
mean 
CV 
(%) 2009 2010 
May 16.3 17.2 15.73 6.2 14.9 5.6 20.7 114 20 45 
June 13.6 13.2 12.99 6.2 20.5 48.3 21.4 98 40 30 
July 13.5 14.23 12.97 8 53 16.8 17.8 105 15 45 
Aug 15 16.17 14.31 7.3 15 12 32.1 109 45 60 
Sep 16 17.49 16.05 5.8 25.3 9.1 34.2 95 0 0 
 
3.3.2 Cover crop dry weights 
The slopes, as shown by the regression constants, gave an indication of cover crop growth 
rate (CGR) (Fageria et al., 2006). There was significant interaction (P<0.001) between 
season and cover crop treatment with respect to CGRs. In 2009, there was no difference 
in CGRs observed (Figure 3.1). In 2010, higher CGRs were observed in the biculture 
treatments compared to the sole crops (Figure 3.2). The 70% oat + 30% vetch treatment 
had the highest CGR and differed significantly to the 50% oat + 50% vetch but was the 
same as the 90% oat + 10% vetch treatment. Sole vetch and oat achieved the same CGRs. 
In the 2010 season, stray cattle selectively grazed sole oat plots and the dry weight data 
presented were not corrected for the grazing effect, as the other treatments were not 
affected. 
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Figure 3.1: Effect of oat-vetch bicultures on cover crop dry weight accumulation in 2009 
winter season. 
 
Figure 3.2: Effect of oat-vetch bicultures on cover crop dry weight accumulation 2010 
winter season. 
y = 68.47x - 587.9, R² = 0.956, P<0.001(100% oat) 
y = 65.02x - 527.3, R² = 0.962, P<0.001(90% oat + 10 % vetch) 
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The season X cover crop treatment interaction was significant (P<0.001) with respect to 
cover crop dry weights measured at termination (Figure 3.3). Cover crop treatment main 
effect was significant (P<0.01) while season main effect was not. In 2009, cover crop 
treatments did not differ in the dry weights achieved at termination. However, in 2010 
season, the 90% oat + 10% vetch and 70% oat + 30% vetch had the highest dry weights 
that differed significantly with other cover crop treatments. The 50% oat + 50% vetch and 
the 100% vetch were similar and had intermediate biomass yields that were higher than 
100% oat. Biculturing significantly improved cover crop dry weights compared to sole 
vetch only in the 2010 (P<0.001) season.  
 
Figure 3.3: Effect of oat-vetch bicultures on final cover crop dry weight at termination in 
2009 and 2010 winter seasons. 
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3.3.3 Weed dry weights and species counts 
The season X cover crop treatment interaction was not significant with respect to weed 
dry weights measured at cover crop termination. However, both cover crop treatment and 
season main effects were significant (P<0.001). In 2009, cover crop treatments were 
significantly different (P<0.001) with regard to weed dry weights at all the sampling 
dates (Table 3.2). The weedy fallow consistently gave the highest weed dry weights at all 
the sampling dates than the cover crop treatments, which were comparable at 47, 61 and 
77 DAS.  However, the cover crop treatments only differed at 33, 105 and 128 DAS with 
the sole oat consistently having the least weed dry weights while bicultures and sole vetch 
were comparable. 
Table 3.2: Effect of oat-vetch bicultures on weed dry weight (kg ha
-1
) during 2009 winter 
season 
Cover crop treatment 33DAS 47DAS 61DAS 77DAS 105DAS 128DAS 
100% oat  98c 321b 682b 810b 917c 961c 
90% oat + 10% vetch  150bc 340b 769b 819b 1093b 1109bc 
70% oat + 30% vetch 176bc 360b 735b 782b 1056b 1195bc 
50% oat + 50% vetch 236b 355b 743b 847b 1121b 1213bc 
100% vetch  250b 266b 670b 820b 1094b 1419b 
Weedy fallow 747a 1614a 2620a 3084a 3431a 3916a 
Significance *** *** *** *** *** *** 
LSD0.05 136. 244 408 502 130 406 
CV (%) 27.2 24.8 21.5 23.1 4.9 13.6 
Means followed by different letters in the same column differ significantly at P<0.05.  
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In 2010 season, plots under cover crops had comparable weed dry weights at 117 and 132 
DAS and were only different at 59, 84 and 101 DAS (Table 3.3). Sole oat reduced weed 
dry weights to comparable levels with other treatments despite having been grazed, and 
yielding lower biomass. 
Table 3.3: Effect of oat-vetch bicultures on weed dry weight (kg ha
-1
) during 2010 winter 
season 
Cover crop treatment 59DAS 84DAS 101DAS 117DAS 132DAS 
100 % oat  455b 633b 699b 317b 303b 
90% oat +10 % vetch  321c 496c 357c 234b 221b 
70 % oat + 30 % vetch 382bc 400c 294c 218b 213b 
50 % oat + 50 % vetch 310cd 418c 318c 226b 226b 
100 % vetch  188d 395c 299c 252b 202b 
Weedy fallow 2010a 2156a 2591a 2955a 3292a 
Significance *** *** *** *** *** 
LSD0.05 124 132 174 161 205 
CV (%) 11.2 9.7 12.6 12.6 15.2 
Means followed by different letters in the same column differ significantly at P<0.05.  
The season X cover crop treatment interaction was significant (P<0.05) with regard to 
weed species counts at cover crop termination (Figure 3.4). In 2009 cover crop treatments 
performed the same but differed (P<0.05) with the weedy fallow with respect to weed 
species count. In 2010, cover crops differed with the weedy fallow and amongst 
themselves. Sole vetch differed significantly from all other cover crop treatments except 
70% oat + 30% vetch. The biculture treatments performed the same but differed from the 
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100% oat except for the 90% oat + 10% vetch treatment, which had a similar weed 
species count. Major weed species observed during the two seasons were Galinsoga 
parviflora, Lamium amplexicaule, Conyza canadensis, Lactuca serriola, Senecio vulgaris 
and Crepis runcinata. 
 
Figure 3.4: Effect of oat-vetch bicultures on weed species counts at cover crop 
termination in the 2009 and 2010 winter seasons.  
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differ amongst themselves in their N uptake. In 2010, the trend was similar except that 
sole vetch differed with sole oat and 50% oat + 50% vetch. Nitrogen uptake by sole oat 
decreased in the second season compared to the first whilst the opposite was true for the 
bicultures and sole vetch.  
 
Figure 3.5: Effect of oat-vetch bicultures on nitrogen uptake by cover crops at cover crop 
termination in the 2009 and 2010 winter seasons.  
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100% oat was the same as the weedy fallow, both achieving lower P uptake than all other 
treatments. 
 
Figure 3.6: Effect of oat-vetch bicultures on phosphorus uptake by cover crops at cover 
crop termination in the 2009 and 2010 winter seasons.  
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compared to a monoculture of the vetch. While the above comparison was true in the 
second season for vetch, it was the opposite for oat due to selective grazing by stray cattle 
on the sole oat plots. The presence of vetch in the mixture protected the component oat 
from the grazing. However, studies done by Murungu et al. (2010) have confirmed that 
white oat is capable of producing higher biomass compared to vetch under similar 
conditions.  
The observed higher biomass yield from 90% oat + 10% vetch and 70% oat + 30% vetch 
than the 50% oat + 50% vetch was in agreement with findings by Sebahattin et al. (2004) 
and Lithourgidis et al. (2006). However, the findings were in contrast with Clark et al. 
(1994), who found the optimum seed ratio as 50% rye and 68% vetch. The differences 
could have been due to the additive combination of the seed ratios as opposed to 
replacement combination used in this study as well as the grass and legume species 
involved.  
The reduction in inter-specific competition could explain the increase in the cover crop 
CGRs with an increase in white oat proportion. At 50% oat + 50% vetch, more inter-
specific competition is expected compared to the other biculture treatments tested which 
had higher oat and less vetch component. While legumes are naturally slower to 
accumulate biomass compared to oat (Ranells & Wagger, 1996), very low temperatures 
normally experienced after planting cover crop in winter could have had an added 
negative effect resulting in reduced growth rates by vetch. Quick accumulation of 
biomass is an important factor in the management of early weeds. A vigorous and fast 
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growing cover crop is able to compete strongly with weeds for space, light, nutrients, 
moisture and smoother early weeds (Teasdale, 1996).  
The final biomass yields obtained from the bicultured treatments were above 6 t ha
-1
, a 
value considered to be above the minimum required for effective weed suppression, 
reduction in erosion and nutrient addition (Fourie et al., 2001; Toure et al., 2011). The 
high cover crop biomass observed in this study could have smothered weeds, explaining 
the lower weed dry weights observed in the bicultures. 
Lower weed dry weights and weed species observed at cover crop termination in the 
second season of the experiment could have been due to reduction in the weed seed bank 
and the compound effect of the previous maize stover biomass. The weed suppression by 
the cover crop treatments ranged between 64-76% in 2009 and above 90% in 2010. The 
results agree with the findings by Teasdale (1996), who observed weed suppression of 80-
100% by cover crops. The similarity of weed suppression by the bicultures and 
monocultures suggest that biculturing technology does not compromise weed control 
when compared to their sole crops. 
Vetches are known to fix atmospheric nitrogen hence their inclusion into oat managed to 
improve the N uptake by the bicultured treatments to above that of sole oat (Kuo et al., 
1996 and Sainju et al., 2005). However, N uptake by these cover crops is a function of the 
species and amount of biomass accumulated (O’Reilly, 2009). This could explain the 
higher N uptake by the treatment with 70% oat + 30% vetch compared to the sole vetch, 
an efficient N fixer. However, P uptake by the cover crop treatment was largely 
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influenced by the amount of biomass accumulated as shown by increased P with increase 
in biomass accumulated. 
The N and P uptake by the bicultured treatments, which ranged from 188-220 kg ha
-1
 and 
20-28 kg ha
-1
, respectively, emphasize the potential of biculturing technology to improve 
soil N and P compared to sole oat, and possibly reduce fertilizer requirements of the 
follow-on crop. However, the overall success of biculturing depends in the ratio of the 
legume and grass, often guided by the principal objective of cover cropping. This study 
has shown that increasing the grass composition in a mixture will result in increased 
biomass and would suit very well for a farmer wishing to improve biomass for weed 
control. Similarly, if cover crop’s purpose if for fertility reasons increasing vetch 
component in the mixture would be ideal as it results in large N uptake, which can be 
released potentially benefiting a follow-on crop.  
3.5 Conclusions 
Biculturing white oat and vetch improved cover crop biomass compared to that of sole 
vetch without compromising the weed suppression as given by sole oat. When compared 
to sole oat, biculturing resulted in higher N and P uptake. Among the biculture ratios, 
70% oat + 30% vetch performed better than the rest with regard to cover crop biomass 
yield and N and P uptake. However, the benefits of a biculture to the follow-on crop 
could be dependent on their rates of decomposition and nutrient release patterns. 
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CHAPTER FOUR 
4. EFFECTS OF OAT (Avena sativa) AND VETCH (Vicia dasycarpa) COVER 
CROP BICULTURES ON RESIDUE DECOMPOSITION, WEED 
SUPPRESSION AND, N AND P FERTILITY, IN A FOLLOW-ON 
IRRIGATED MAIZE 
 
Abstract 
White oat and vetch have emerged as successful winter cover crops, the efficiency of oat 
in providing N and P to the next crop can be limited, and similarly vetch’s weed 
suppression in the next crop can be compromised by the associated fast decomposition 
rates. A field experiment was conducted to investigate the effects of oat-vetch bicultures 
on biomass decomposition, residual N and P dynamics and weed suppression when 
followed with a summer maize crop. The experiment was carried out as follow-on to the 
one described in Chapter 2. Residue decomposition test was done using the litterbag 
weight loss study. Maize cultivar SC 701 was planted in all plots, at a population of 37 
000 plants ha
-1
. Fertilizer application to the maize crop was at a rate of 60 kg N ha
-1
 with 
a third of the N applied as a basal. Bicultures of oat and vetch resulted in residues with 
intermediate C: N ratios and decomposition rates compared to that from sole crops. Sole 
vetch significantly increased soil inorganic N and was comparable to that of 50% vetch + 
50% oat at the three depths sampled at maize planting. Plots previously under weedy 
fallow and sole oat had the least inorganic N in the top 20 cm of soil. However, bicultured 
treatments 70% oat + 30% vetch and 50% oat + 50% vetch resulted in higher N for 
extended periods, resulting in significant increase in N uptake by the maize forage 
compared to the rest of the treatments. Sole vetch significantly increased P availability in 
top 20cm of soil while in the 21-40 cm depth all cover crop treatments had comparable P 
values except control, which had lower P values. Later samplings showed 70% oat + 30% 
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vetch, 50% oat + 50% vetch and sole vetch leading in inorganic P and this was also 
reflected by increased P uptake by the maize forages in the concerned treatments. 
Significant negative correlations (P<0.05) were observed on residue remaining at maize 
planting against the weed dry weights at 3 WAP (r = -0.66) and 6 WAP (r = -0.67). No 
significant (P>0.05) season X treatment interaction effects were observed with respect to 
maize stover biomass, however only treatment effects were significant (P<0.001). 
Significant treatment effects were observed (P<0.01) with grain maize yield. Biculturing 
technology significantly (P<0.05) increased grain yield compared to sole oat and there 
was no significant (P>0.05) increase or decrease when compared with sole vetch. The 
study showed that residues from oat and vetch bicultures gives intermediate 
decomposition rates and ensures availability of N and P for extended periods for better 
maize nutrition and grain yield compared to their sole crops and also control weeds to 
same levels as sole oat.  
Key words: Conservation agriculture, maize yield, persistence of cover, rotation effects.  
4.1 Introduction 
In the smallholder maize-based cropping systems in the Eastern Cape province (EC), high 
weed infestation and poor soil fertility are the major causes of low yields (Fanadzo et al., 
2009). Moreover, supplementary additions of inorganic fertilizers and use of herbicides 
for weed control are expensive for the mostly resource poor farmers (Fanadzo et al., 
2009). Hence, conservation agriculture (CA) using cover crops that would address these 
problems is more likely to be accepted by the local farmers. Previous work by Murungu 
et al. (2010) and Musunda (2010) identified vetch, a legume and oat, a grass as the 
possible candidates for adoption as cover crops in the EC.  
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Legume cover crops, such as vetch are known to fix about 150-250 kg N ha
-1
, supplying it 
to the succeeding crop resulting in increased crop yields compared to grass or no cover 
crop (Crandall et al., 2005; Murungu et al., 2010). Follow-on field crops after a legume 
have been reported to benefit from at least 30 to 60% of the N that the legume would have 
fixed reducing the N fertilizer requirements accordingly (Kuo et al., 1996). Vetch has 
been reported as efficient in the redistribution of the less mobile P fraction from 
superficial layers to lower layers where it can be accessed by plants (Franchini et al., 
2004).  
However, the low C: N ratio of legumes results in faster breakdown of the residues 
leading to high rates of organic P and N mineralization compared to the grass cover crops 
(Ruffo & Bollero, 2003; Murungu et al., 2010). The synchronization of the N release and 
demand is important and ensures excellent N use efficiency of the system. The rapid rates 
of mineralization may result in loss of plant available N through leaching if not well 
synchronized with demand by a follow-on crop. Due to the accelerated decomposition, 
weed suppression by legume residues may not persist for as long as an equivalent amount 
of grass residues. 
Whereas grass cover crops such as oat do not fix N, they are known to scavenge for 
residual and leached nutrients due to their deep rooting system (Ruffo & Bollero, 2003). 
The breakdown and release of the assimilated nutrients by these grass cover crops is often 
slowed down because of the high C: N ratios associated with their residues (Rosecrance et 
al., 2000). Due to their persistence and slow degradation, grass residues are able to 
smoother weeds for a longer period as well as contributing to SOM build-up.  
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For smallholder cropping systems in the EC, where both weed suppression and soil 
fertility are important factors in maize production, a biculture of legume and grass maybe 
a better rotation compared to sole cover crop species. Bicultures of a grass and a legume 
give optimum C: N ratios that would provide intermediate decomposition and 
mineralization, compared to their monocultures (Clark et al., 1997; Bayram & Celik, 
2000; Sainju et al., 2005). Intermediate mineralization results in better correspondence 
between availability and follow-on crop demand of the soil nutrients.  
The objective of this study was to determine the effects of oat-vetch bicultures on 
biomass persistence, weed suppression and N and P fertility benefits when followed with 
irrigated maize. 
4.2 Materials and methods 
4.2.1 Experimental site 
This experiment followed the winter cover crop study described in Chapter 3. Details of 
location and climatic conditions of the study site are as described in section 3.2.1. 
4.2.2 Cover crop residue decomposition 
Samples of cover crop and weeds biomass were collected by cutting at ground level in 
each plot, 3 days before second season cover crop termination and dried at 65 
o
C to 
constant weight. The biculture treatments were not separated according to species. A sub-
sample of the plant materials was ground (<1 mm) and analysed for total C and N content 
using the LECO C/N analyser (LECO Corporation 2003). The remainder was added to 
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0.20 m X 0.20 m nylon mesh litterbags with 1 mm pore size, and sealed. For each 
treatment, 10 litterbag bags were filled with 10 g of oven dried biomass material. On the 
day of cover crop termination, the litterbags were placed on the soil surface of 
corresponding plots from which the residues were produced. The litterbags and the plant 
residues in the plots were rolled on to create a firm contact for maximum influence of 
meso- and macro-fauna.  
Litterbags were sampled by removing one litterbag from each plot at fortnight intervals 
for a period of 18 weeks. Non-decomposed material was carefully separated from the 
litterbags and roots and soil particles were removed. The samples were oven dried to 
constant mass at 65
o
C to determine mass remaining. The effects of soil adhering to plant 
materials were discounted by ashing samples in a muffle furnace at 450 
o
C for 5 hours. 
Ash free dry weight (AFDW) was determined by subtracting the ash content from the dry 
weight. Negative exponential regression was used to calculate the decomposition 
coefficient k as shown in the equation below. 
 
 
 
Where Y represents the residue remaining as a percentage of the initial weight, A is the 
initial residue weight at initiation of the litterbag study in grammes, and x being the time 
of exposure of the litterbags in the field measured in weeks. 
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4.2.3 N and P fertility and weed suppression in maize  
In the summer seasons of 2009/10 and 2010/11, maize cultivar SC 701, popular under the 
small scale irrigation in the vicinity of UFH (Fanadzo et al., 2009), was planted in plots 
previously under the different cover crops as described in section 3.2.2. Maize was 
planted on the 28
th
 of October 2009 and on the 31
st
 of October in 2010, in first and second 
season, respectively, at a spacing of 30 cm within the row and 90 cm inter-row targeting a 
population of 37 000 plants ha
-1
. Jab planters, dropping 2-3 seeds, were used for maize 
planting. The seedlings were later thinned to one plant per station at 3 weeks after 
planting (WAP). Fertilizer application to the maize crop was at a rate of 60 kg N ha
-1
 with 
a third of the N applied as a basal compound fertilizer with an N: P: K ratio of 2:3:4 
(30+Zn) at planting. The remainder was applied as a top dressing of LAN (28% N) at 6 
WAP. Weed control in the maize crop was only done after 9 WAP to allow measuring the 
effect of cover crop residues on weeds during critical phase of weed competition in 
maize. Thereafter, weeds were controlled using Basagran (a.i: thiadiazine 480 g L
-1
) 
applied at 5 L ha
-1
. Irrigation was applied to supplement the normal rains based. 
Destructive sampling of weeds in the follow-on maize was done using two randomly 
placed 0.35 m x 0.35 m quadrants. All weed biomass present within the quadrant was cut 
at ground level and oven-dried at 65
o
C to constant mass for dry weight determination. 
Weed species count in the quadrants was done at 9 WAP and the weeds were identified 
following guidelines by Bromilow (1995). 
For the purposes of measuring soil N and P, soil samples were collected from three depths 
of 0-20, 20-40 and 40-60 cm at maize planting, V10, R1, denting stage and harvesting 
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which corresponded to 0, 6, 12, 19 and 24 WAP, respectively. Three soil samples were 
taken between maize rows in each plot and thoroughly mixed to make a composite 
sample and immediately frozen. Soil inorganic N (ammonium-N plus nitrate-N) was 
determined after extraction with 2M KCl solution (Maynard & Kalra, 1993). Inorganic P 
was extracted using HCl acid and read under a UV-VIS spectrophotometer set at 880 nm 
following the Bray 1 method (Okalebo et al., 2002).  
Five maize plants were destructively sampled by cutting at their base at each soil 
sampling as well as at maize harvest. The maize plant samples were oven dried at 65
o
C to 
constant mass, for dry weight determination, and ground to pass through a 1 mm sieve. 
Nitrogen content (%) was determined by dry combustion using the C/N LECO analyzer 
(LECO Cooperation, 2003). Phosphorus content was determined by wet digestion with 
H2SO4 and concentration of P in the digesting solution was measured using antimony 
potassium tartrate solution (Okalebo et al., 2002). Total N and P uptake by maize was 
taken as the product of N and P concentration multiplied by the maize dry weights. Maize 
grain yield was taken from a net plot of 2 x 1.5 m from the two central rows. Grain yield 
was only measured in the second season, due to fresh cob thefts in the first season.  
4.2.4 Data analyses 
The data on ash free dry weight, weed species counts, weed biomass, maize nutrient 
uptake and grain weight were analyzed as described in 3.2.5. Data on soil nutrient were 
analyzed as a factorial design consisting of two factors, depth and cover crop treatment. 
Regression analyses were done to determine the relationship between maize yields and 
soil nutrient status, weed dry weights and cover crop dry weights. 
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4.3 Results 
4.3.1 Rainfall and irrigation 
The temperature during the two summer maize seasons was comparable to the 30-year 
mean temperatures (Table 4.1). The maize received a total of 555 mm and 552 mm in 
both rain and irrigation in 2009/10 and 2010/11 summer seasons, respectively.  
Table 4.1: Mean monthly temperatures, rainfall and irrigation at the UFH research farm 
from October to March in the 2009/10 and 2010/11 summer seasons.  
 Temperature (oC) Rainfall (mm)  Irrigation (mm) 
 2009/10 2010/11 
30 
year 
mean 
CV 
(%) 2009/10 2010/11 
30 
year 
mean 
CV 
(%) 2009/10 2010/11 
Oct 18 17.82 17.73 8 56.4 60.3 60.4 63.6 - - 
Nov 20 20.12 19.32 4.8 50.8 62.3 80.9 66.7 50 40 
Dec 20.7 20.58 21.03 4 42.5 122.6 73.5 66.2 60 15 
Jan 22.88 22.54 22.24 16.5 60.6 103.2 67.3 49.4 45 15 
Feb 24.17 23.15 22.58 3.7 112 40.2 66.9 41.4 30 30 
Mar 23 20.7 21.05 4.7 32.4 63.5 63.5 56.8 - - 
 
4.3.2 Residue C: N ratio and decomposition in litterbags  
Rate of decomposition of plant material was in the order of weeds > sole vetch > 50% oat 
+ 50% vetch= 70% oat + 30% vetch > 90% oat + 10% vetch = sole oat as shown by the 
decomposition coefficient k values (Figure 4.1 & Table 4.2). Biculturing significantly 
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increased (P<0.01) the rate of decomposition (k) of plant material compared to that of 
sole oat and significantly reduced (P<0.001) in comparison to that of sole vetch.  
 
Figure 4.1: Effect of oat-vetch bicultures on cover crop residue decomposition in 
litterbags in the field. Error bars represent LSD 0.05. 
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Table 4.2: Average annual decomposition rate (k) according to the single exponential 
model (Olson, 1963) 
Cover crop treatment Average annual decomposition rate (k) 
100% oat  0.10d 
90% oat + 10% vetch  0.12d 
70% oat + 30% vetch 0.17c 
50% oat + 50% vetch 0.18c 
100% vetch  0.23b 
Control 0.31a 
Significance ** 
LSD 0.05 0.03 
CV (%) 8.73 
Means followed by different letters in the same column differ significantly at P<0.05.  
Amounts of residues remaining at maize planting differed significantly (P<0.001) among 
the cover crop treatments and decreased with a decrease in the oat component (Table 4. 
3). Sole oat had significantly lower residue remaining compared to 90% oat + 10% vetch 
and 70% oat + 30% vetch. In spite of the grazing on sole oat plots, they had higher 
residue remaining than sole vetch and 50% oat + 50% vetch at maize planting.  
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Table 4.3: Cover crop residue (kg ha
-1
) remaining at maize planting  
Cover crop treatment Amount of residue remaining 
100% oat  2621c 
90% oat + 10% vetch  4215a 
70% oat + 30% vetch 3308b 
50% oat + 50% vetch 2331cd 
100% vetch  1864d 
Control 720e 
Significance *** 
LSD 0.05 668 
CV (%) 12 
Means followed by different letters in the same column differ significantly at P<0.05.  
The interaction season X treatment interaction was not significant (P>0.05) with respect 
to C: N ratios of cover crops and weed residues. Cover crop treatments differed 
significantly (P<0.001) in their C: N ratios (Table 4.4). Increasing the vetch component 
in the mixture, significantly (P<0.001) reduced the C: N ratio and vice versa when oat 
component was increased. The 50% oat + 50% vetch treatment had similar C: N to the 
control. A significant negative correlation (P<0.05, r = -0.57) was observed between the 
residue C: N ratio and the decomposition constant k value. 
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Table 4.4: Cover crop C: N ratios across 2009 and 2010 winter seasons 
Cover crop treatment C: N ratio 
100% oat  18.2a 
90%  oat + 10% vetch  14.9b 
70% oat + 30% vetch 13.2c 
50% oat + 50% vetch 12.1d 
100% vetch  10.0e 
Control 12.1d 
Significance *** 
LSD 0.05 0.8 
CV (%) 4.82 
Means followed by different letters in the same column differ significantly at P<0.05.  
 
4.3.3 Soil inorganic N and P 
The depth X cover crop treatment interaction was significant with respect to soil 
inorganic N measured at 0 WAP (P<0.001), 6 WAP (P<0.001) and 12 WAP (P<0.01) 
but not at 19 WAP and 24 WAP where only depth was significant (P<0.001) (Appendix 
2). 
At maize planting (0 WAP) sole vetch had higher inorganic N which was comparable to 
that of 50% vetch + 50% oat followed by that of 70% oat + 30% vetch at all the three soil 
depths sampled (Figure 4.2). The control had the least inorganic N in the top 20 cm of 
soil, which was comparable to that of the sole oat. Soil sampled just before topdressing (6 
WAP) had reduced amounts of inorganic N compared to those found at 0 WAP. In the top 
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20 cm of the soil, 70% oat + 30% vetch, 50% oat + 50% vetch and sole vetch had the 
highest amounts of inorganic N, which were comparable, while the control had the least. 
In the 20-40, cm depth, the control and 90 % oat + 10 % vetch had the least amount of 
mineralized N while the rest of the other treatments had higher but comparable levels. In 
the deep soil layer (40-60 cm), sole oat, 70% oat + 30% vetch and 90% oat + 10% vetch 
had comparable N, which was significantly higher than the rest of the treatments. A slight 
increase in the inorganic N values was noticed at 12 WAP compared to those found at 6 
WAP. Treatment previously with 70% oat + 30% vetch had the highest amount of 
inorganic N followed by 50% oat + 50% vetch and the control had the least in the top soil. 
In the mid section of the soil profile, sole oat and the control had the least inorganic N 
content while the rest of the treatments had significantly higher and comparable inorganic 
N. In the 40-60 cm zone, 50% oat + 50% vetch had the highest amount of inorganic N 
while the rest of the treatments had lower and comparable N. 
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Figure 4.2: Residual effect of oat-vetch bicultures on inorganic N availability in a maize 
field from soil sampled at 0-20cm (A), 20-40cm (B) and 40-60 cm (C). Error bars 
represent LSD 0.05. 
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In the follow-on maize, there was  significant interaction of depth X cover crop treatment 
with respect to soil inorganic P at  0 WAP (P< 0.001) and 6 WAP (P<0.05). Interaction 
of depth x cover crop treatment and main effects of depth and cover crop treatment were 
not significant (P>0.05) at 12 WAP and onwards (Appendix 2). 
At 0 WAP, inorganic P was greatest in sole vetch followed by 90% oat + 10% vetch, 70% 
oat + 30% vetch, which had comparable amounts while the control had the least in the 0-
20 cm depth. In the 20-40 cm depth, all cover crop treatments had significantly higher and 
comparable P values than the control plot. No treatment differences (P>0.05) were 
observed in the 40-60 cm soil depth.  At 6 WAP and in the 0-20 cm depth, 70% oat + 
30% vetch had the highest amounts of inorganic P followed by 50% oat + 50% vetch 
while the rest of the treatments had lower and comparable amounts. No treatment 
differences (P>0.05) were observed in the 20-40 cm and 40-60 cm depths. However, soil 
P decreased with increase in depth. While there were no differences observed at 12, 19 
and 24 WAP in soil P this tended to decrease as the season progressed (Figure 4.3).  
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Figure 4.3: Residual effect of oat-vetch bicultures on phosphorus availability in a maize 
field from soil sampled at 0-20cm (A), 20-40cm (B) and 40-60 cm (C). Error bars 
represent LSD 0.05.  
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4.3.4 Maize N and P uptake 
Cover crop treatments had no significant effect (P>0.05) on maize plant N concentration 
at 6, 12, 19 and 24 WAP. However, N concentration in the maize decreased as the season 
progressed. The N concentration averaged 3.0, 1.9, 1.6, and 1.2 % at 6, 12, 19 and 24 
WAP, respectively. The N uptake data showed significant differences among treatments 
at all the sampling dates. At 6 WAP, plots previously with sole vetch and 50% oat + 50% 
vetch had the greatest N uptake while control plot and sole oat had the least, which were 
comparable. At 12, 19 and 24 WAP plots previously with sole vetch, 70% oat + 30% 
vetch and 50% oat + 50% vetch had higher N uptake while the control, consistently had 
lower N uptake levels (Figure 4.4). 
 
Figure 4.4: Residual effect of oat-vetch bicultures on nitrogen uptake by follow-on maize 
plants. Error bars represent LSD 0.05.  
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Maize plant P concentration decreased as the season progressed, averaging 0.39, 0.17, 
0.15 and 0.13 % at 6, 12, 19 and 24 WAP, respectively but showed no treatment 
differences (P>0.05) during each sampling. Treatment differences in maize P uptake were 
only significant at 19 and 24 WAP. At 19 WAP, plot previously with 70% oat + 30% 
vetch had the highest P uptake of 15.37 kg ha
-1
 followed by sole vetch with 14.74 kg ha
-1
 
and 50% oat + 50% vetch with 13.98 kg ha
-1
. Maize in the former weedy fallow plot had 
the least uptake of 11.04 kg ha
-1
. At maize harvest (24 WAP), sole vetch had the highest P 
uptake which was comparable to that of 50% oat + 50% vetch and 70% oat + 30% vetch 
(Figure 4.5).  
 
Figure 4.5: Residual effect of oat-vetch bicultures on phosphorus uptake by follow-on 
maize plants. Error bars represent LSD 0.05. 
0 
5 
10 
15 
20 
25 
6 wap 12 wap 19 wap 24 wap 
P
h
o
sp
h
o
ru
s 
u
p
ta
k
eb
y 
m
ai
ze
 (
k
g
 h
a 
-1
) 
100% OAT 
100% VETCH 
50% OAT+ 50% VETCH 
70%OAT+ 30% VETCH 
90% OAT+10% VETCH 
Control 
62 
 
4.3.5 Weed dry weights and species counts in the maize crop 
There were significant differences among cover crop treatments with respect to weed dry 
weights in the follow-on maize crop at 3 WAP (P<0.01) and 6 WAP (P<0.001) (Table 5) 
but not at 9 WAP. At 3 WAP, plots previously grown to bicultures of oat and vetch were 
similar and comparable with the 100% oat treatment but differed significantly in weed 
biomass to the control. At 6 WAP, all cover crop treatments differed significantly from 
the control but only treatments with high proportion of oats (90% oat + 10% vetch and 
70% oat + 30% vetch) were as effective as 100% oat in suppressing weeds. The 50% oat 
+ 50% vetch treatment performed the same as the 100% vetch. Significant negative 
correlations (P<0.05) were observed at 3 WAP (r = -0.66) and 6 WAP (r = -0.67) 
between amount of residue remaining at maize planting and weed dry weights, but not at 
9 WAP (P>0.05).
 
Weed species counts at 9 WAP were not significantly different 
(P>0.05) among the treatments.  
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Table 4.2: Residual effect of oat-vetch bicultures on weed dry weights (kg ha
-1
) at 3, 6 
and 9 WAP  
Cover crop treatment 3 WAP 6 WAP 9 WAP 
100% oat  79bc 473c 649 
90% oat + 10% vetch  79bc 445c 648 
70% oat + 30% vetch 67c 426c 612 
50% oat + 50% vetch 78bc 550b 646 
100% vetch  88b 554b 656 
Control 101a 647a 741 
Significance ** *** ns 
LSD 0.05 13 54 141 
CV (%) 8.6 5.7 6.5 
Means followed by different letters in the same column differ significantly at P<0.05.  
Weed species counts at 9 WAP were not significantly different (P>0.05) among the 
treatments. The common summer weeds that were found in the follow-on maize were 
Amaranthus hybridus, Cyperus esculentus, Galinsoga parviflora, Nicandra physaloides 
and Portulaca oleracea.  
4.3.6 Maize biomass and grain yield  
There was no significant (P>0.05) season X treatment interaction with respect to maize 
stover biomass. Treatment effects were significant (P<0.001) while seasonal effects were 
not (P>0.05). Plots previously with 70% oat + 30% vetch had the highest maize stover, 
which was comparable to that of 50% oat + 50% vetch and sole vetch. Sole oat and 90% 
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oat + 10% vetch had comparable and intermediate stover biomass and control had the 
least maize stover biomass (Table 4.6). 
Table 4.3: Residual effect of oat-vetch bicultures on maize stover biomass (kg ha
-1
) 
averaged across 2009/10 and 2010/11 summer seasons 
Cover crop treatment Maize stover biomass 
100% oat  10580b 
90% oat + 10% vetch  10730b 
70% oat + 30% vetch 12400a 
50% oat+ 50% vetch 11871a 
100% vetch  12397a 
Control 8964c 
Significance *** 
LSD 0.05 806 
CV (%) 6.03 
Means followed by different letters in the same column differ significantly at P<0.05.  
The highest maize grain yield was obtained from plots previously under 70% oat + 30% 
vetch which differed significantly (P<0.01) from all other treatments. The 50% oat + 
50% vetch treatment differed with the control but was the same as the 90% oat + 10% 
vetch, 100% oat and 100% vetch treatments. The latter three cover crop treatments were 
the same as the control with respect to maize grain yield. Contrast analysis showed that 
biculturing significantly (P<0.05) increased grain yield compared to sole oat but did not 
increase maize grain yield when compared with sole vetch. Biomass at termination of 
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cover crops, weed dry weights at 3 WAP and inorganic N in 0-20 cm at maize planting 
significantly explained maize grain yield realised in the follow-on maize crop (Table 4.7) 
Table 4.4: Residual effect of oat-vetch bicultures on maize grain yield in 2010/11 
summer season 
Treatment Grain yield (kg ha-1) 
100% oat  5277bc 
90% oat + 10%vetch  5489bc 
70% oat + 30%vetch 6368a 
50% oat + 50% vetch 5604b 
100% vetch  5497bc 
Control 4961c 
Significance ** 
LSD 0.05 584 
CV (%) 5.80 
Means followed by different letters in the same column differ significantly at P<0.05.  
Regression analysis showed significant relationships between the grain yield and cover 
crop biomass, weed dry weights at 3 WAP and inorganic N values from the top 20 cm of 
soil as shown in Table 4.8. 
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Table 4.5: Relationships between various cover crop services and the grain yield  
Variable 
Regression 
equation 
R
2
 
value Significance 
Cover crop biomass at termination in 2010 Y=4910+0.10x 0.50 ** 
Weed biomass at 3 WAP Y=7699-26.42x 0.39 ** 
Weed biomass at 6 WAP Y=6699-2.24x 0.21 ns 
Weed biomass at 9 WAP Y=6696-2.35x 0.19 ns 
Inorganic N (0-20cm) at maize planting Y=4496+18.77x 0.23 * 
Inorganic P (0-20cm) at maize planting Y=3823+516x 0.15 ns 
 
4.4 Discussion 
The intermediate decomposition coefficients (k values) of the biculture residues which 
were lower than those from vetch and higher than white oats, were in agreement with 
Ruffo and Bollero (2003), who found intermediate decomposition rates from bicultures of 
rye and vetch. The C: N ratios could explain the decomposition rates which were in the 
order oat > bicultures > vetch. Rosecrance et al. (2000) explained the intermediate 
decomposition rates given by bicultures to be the result of the presence of a grass, which 
moderates the rapidity of decomposition of the legume cover crop. The persistence of 
white oat makes it particularly attractive as it provides cover for extended periods and 
weed suppression (Teasdale et al., 2007). 
While the fast degradation of the residues is good for quick nutrient release, weed 
suppression by the same residues may be compromised. This was reflected by the 
significant and negative relationship between the amounts of residue remaining and 
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weeds dry weights at 3 WAP and 6 WAP in the maize crop. The amount of residues 
remaining at maize planting was a function of the amounts of residues added (data not 
shown) and their chemical composition (C: N ratio). Even though the 90% oat + 10% 
vetch and the 70% oat + 30% vetch had lower C: N ratios than 100% oat, the amounts of 
residues remaining on the surface of these plots was higher, emphasising the importance 
of high biomass addition. These results echo the need to achieve high and persisting 
biomass as it is important in suppressing weed growth.  
The mean soil nutrient levels, which ranged 25-54 kg ha
-1
 and 7-12 kg ha
-1
 for inorganic 
N and inorganic P, respectively, were lower than observed by Crandall et al. (2005) and 
Kuo and Jellum (2002).  The difference could have been due incorporation of rye and 
vetch residues by the researchers, which could have degraded and mineralized nutrients 
faster, increasing levels of inorganic N than residues left to degrade on the surface as in 
our study. Studies comparing effects of cover crop on soil fertility often produce variable 
results depending on soil type, climatic conditions, cropping sequence, number of years 
after initiation of CA, species involved as well as the time of sampling. 
The variation in soil inorganic N and P levels was a function of the different 
decomposition rates of the different residues, which were affected by their C: N ratios, as 
well as demand of the nutrient by the maize crop. Sole vetch, which had higher 
decomposition k constant, had higher inorganic N and P in the top 40 cm of the soil 
compared to that of the bicultures whilst sole oat had lower compared to that of the 
bicultured treatments. The observed increase in inorganic soil N and P in bicultured 
treatments (70% oat + 30% vetch and 50% oat + 50% vetch) late in the season could be 
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related to the slower rates of decomposition as observed in the litterbag study. This could 
explain the higher N and P uptake by maize plants in these treatments.  
Higher N content in the deeper layers of the profile given by vetch and the control at 
maize planting could be explained by the higher decomposition rates, which could have 
resulted in leaching of mineralized N (Ranells & Wagger, 1996). Leaching of the N in 
these treatments was supported by the observed fast decomposition rates, resulting in high 
soil N earlier in the season, which could have been leached by the rainfall received in 
October. Most of N mineralized within the first 3 weeks after planting maize could be 
susceptible to leaching, as maize roots are not yet sufficiently developed to absorb and 
intercept the leaching nutrients (Chikowo et al., 2003). Leaching of N from cover crop 
residues can be avoided by using bicultures used in this study or by correct planting time 
of a follow-on crop ensuring synchronisation of net mineralization with the peak demand 
of nutrients by the follow-on crop (Delgado et al., 2010). The decline in inorganic N as 
the season progressed was in agreement with findings by Chikowo et al. (2003), who 
attributed the observation to increasing nutrient uptake by maize due to increased root 
density, later in the season.  
Improved inorganic P in the top 20 cm depth of the soil of the sole vetch treatment, than 
the rest of the treatments, could be a result of the early release of P by the fast 
decomposing vetch residues. Xin et al. (2005) attributed these increases in the inorganic P 
after sole vetch to its ability to acquire P using Arbuscular mycorrhizal colonization, 
which is then released during decomposition. The fast rate of decomposition in the vetch 
treatment resulted in the mineralization of P. The lack of significant difference of 
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inorganic P in the lower depths of 40-60 cm could be because the nutrient is immobile, 
resulting in contribution of the cover crop to be only limited to the top soil, where 
residues are not incorporated.  
The improvement in maize grain yield compared to the weed fallow demonstrated the 
benefit of cover cropping in rotation with maize. Maize grain yield was in the order of 
70% oat + 30% vetch > 50% oat + 50% vetch > 90% oat + 10% vetch > 100% oat > 
control and this could be a function of a number of factors including cover crop biomass 
and its decomposition rate, resulting in weed suppression and nutrient uptake effects 
observed in this study. The results agree with Teasdale (1996) and Murungu et al. (2011), 
who attributed the effects on maize grain yield to cover crop biomass, weed suppression 
and soil N improvements.  
4.5 Conclusions 
Residues of bicultures had intermediate decomposition rates (k) between those of the sole 
oat and vetch. The fast decomposition of sole vetch residues resulted in leaching of 
inorganic N into deeper soil profile of 41-60 cm at maize planting. Biculturing with 50% 
vetch + 50% oat and 70% oat + 30% vetch ensures availability of inorganic N and P for 
extended periods and in better maize nutrition. Weed control by the bicultures was 
comparable to that of the sole cover crops. Biculturing technology significantly increased 
grain yield compared to sole oat and there was no significant increase or decrease when 
compared with sole vetch. Whereas biculturing showed good potential for white oat and 
grazing vetch, management strategies of other cover crops need to be sought in order to 
provide a variety of approaches to introducing CA in the EC. 
70 
 
CHAPTER FIVE 
5. PLANT DENSITY EFFECT OF NARROW LEAFED LUPIN COVER 
CROP CULTIVARS ON BIOMASS PRODUCTION, WEED 
SUPPRESSION AND SUBSEQUENT MAIZE YIELD UNDER 
IRRIGATION 
 
Abstract 
A field study was carried out in 2009 and 2010, to evaluate the effects of two narrow 
leafed lupin cultivars (Lupinus angustifolius var Mandelup and Qualinock), planted at 
five seeding rates 40, 80, 120, 180 and 220 kg ha
-1
 on biomass production, weed 
suppression and the subsequent maize yield under irrigation. The trial was laid out in a 
randomised complete block design with three replications. A compound fertilizer with 
2:3:4 (30) N: P: K ratio was applied to the cover crop at planting, supplying 13.34 kg N 
ha
-1
, 20 kg P ha
-1
 and 26.66 kg K ha
-1
. Cover crops were terminated at flowering stage by 
tractor rolling and spraying Glyphosate. Residues were left to degrade on the surface. 
Maize cultivar, SC701 was planted as a follow-on crop targeting a population of 44444 
plants ha
-1
. The maize crop was fertilized at a rate of 60 kg N ha
-1
 with a third of the N 
applied as a basal. Plant density increased with an increase in lupin seeding rate following 
a significant linear response (P<0.01). Cultivar and seeding rate had a significant effect 
(P<0.001) on cover crop CGR. Mandelup had higher CGR than Qualinock and CGR 
increased with increasing seeding rate. Lupin biomass increased with an increase in 
seeding rate and the seeding rate giving optimum biomass was found to be 206 kg ha
-1
 
(103 plants m
-2
). Weed dry weights at cover crop termination in both seasons and at 6 
WAP and 9 WAP in maize crop decreased with an increase in lupin biomass. Comparable 
soil total N and inorganic P values were observed from plots planted to 120, 180 and 220 
kg ha
-1 
of
 
lupin seed at maize planting. Significant grain yield increases were observed 
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with an increase in the cover crop seed density. Maize grain yield was significantly 
correlated to cover crop biomass in 2010 season (P<0.001, r = 0.63), soil total N at maize 
planting (P<0.01, r = 0.5), soil available P at maize planting (P<0.001, r = 0.59) and 
weed dry weights in maize at 6 WAP (P<0.05, r = - 0.45). Increasing the seed density 
from the benchmark of 80 kg ha
-1
 of two narrow leafed lupin cultivars resulted in 
increased cover crop biomass, improved N and P contribution, weed suppression and 
maize yield.  
Key words: Conservation agriculture, cover crop biomass, narrow leafed lupin, residual 
effect. 
5.1 Introduction 
Studies on bicultures of oat and vetch showed that vetch contributed significantly to soil 
N fertility being a legume. Lupin (Lupinus spp) is a legume cover crop with potential to 
play an important role in crop rotations under conservation agriculture (CA) systems 
currently being promoted in Eastern Cape (EC). It has the ability to improve soil fertility 
through nitrogen (N) fixation (Bhardwaj, 2002) and its special phosphorus (P) acquisition 
capacity through mycorrhizal interaction (Weisskopf et al., 2009). However, high levels 
of lupin biomass are important for delivery of these and other services as a cover crop. 
Previous studies to evaluate performance of lupin cover crop under CA systems of the EC 
showed low biomass accumulation of less than 2 t ha
-1
 (Musunda, 2010: Murungu et al., 
2011). As a result, weed suppression, N and P contribution by lupin were observed to be 
poor in comparison to other legume species such as vetch (Vicia dasycarpa) which 
achieved high biomass levels (Murungu et al., 2011).  
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Studies on many other cover crop species suggest that attaining high biomass would result 
in better competition with weeds as well as better fertility contribution. Bhardwaj (2002) 
reported that lupin biomass yield of 6 t ha
-1
 contributes about 150-250 kg N ha
-1
. 
Christian et al. (2004) noted this fertility improvement to be the reason for the 49 % yield 
increases in a follow-on barley crop. However, the noted variation in performance of 
lupin under the warm temperate conditions of the EC (Musunda, 2010; Murungu et al., 
2011) and that reported elsewhere suggests poor adaptation of lupin to EC conditions, 
which could be related to a number of factors. 
Putnam (1993) identified agronomic constraints limiting productivity of lupins in the 
USA amongst which were; species, cultivar, planting date, inoculation, row spacing, and 
weeds. These findings suggest the importance of finding suitable species and establishing 
best practices for lupin to ensure high levels of productivity under EC conditions. The 
commonly grown lupin cultivars worldwide come from three species, white lupin 
(Lupinus albus), yellow lupin (Lupinus luteus) and narrow-leafed lupin (Lupinus 
angustifolius). However, narrow leafed lupin cultivars have a vigorous vegetative growth 
and hence suitable for providing soil cover under CA systems (Buirchell & Sweetingham, 
2006; Annicchiarico & Carroni, 2009).  
Harries et al. (2008) identified a number of narrow leafed lupin cultivars with prolific 
growth offering good competition against weeds and these include; Mandelup, Qualinock, 
Tanjil, Wonga and Comorup. However, a local market search showed that Mandelup, 
Qualinock and Tanjil were the commonly available cultivars in the narrow leafed group in 
the EC. Though studies by Putnam (1993) showed that yield differences between white 
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lupin cultivars was highly environment-specific and generally non-significant when 
averaged over years and sites, there was no evidence to suggest that this was similar for 
narrow-leafed lupin and that cultivar would not be an important factor affecting 
productivity.   
Murungu et al. (2011) observed high weed density in plots planted to lupin cultivar 
Tanjil, at 80 kg ha
-1
 and attributed this to low plant stand achieved by lupins. However, 
weeds are a big challenge in the production of lupins (Putnam, 1993). This is because 
lupin canopy develops and expands slowly, providing opportunity for weeds to germinate 
and compete with the crop. Cover crop plant density is also a basic agronomic practice, 
which can be manipulated to raise the domination of lupin cover crops over weeds.  
Increasing plant density leads to improved above ground dry matter production per unit 
area, an important factor in the management of weeds in a follow-on crop. Furthermore, it 
quickens the rate of cover crop growth and canopy closure leading to early weed control 
(Teasdale et al., 2007). High biomass realized from increased plant density could also 
translate to greater residual nitrogen and other nutrients for the follow-on crop. Putnam 
(1993) showed that narrow rows (15 cm) produced 34% higher yield compared to wider 
rows (76 cm) reinforcing advantage offered by higher plant population which could result 
from higher seed density.  
A literature survey showed that lupin plant density recommendations are broad; including 
80 plants m
-2
 (Annicchiarico & Carroni, 2009), 45 plants m
-2
 (Harries et al., 2008), 45-60 
plants m
-2
 (Ware & Hawthorne, 2011) and 50-100 plants m
-2
 (Migliorini et al., 2008).  
Some of these recommendations are based on lupin grain production and not fodder 
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which would require higher seed density. A question was asked whether the low biomass 
yield and poor cover crop services with regard to weed suppression and fertility 
contribution could have been a result of low seeding rates since the latter tends to vary 
with cultivar and environment.  
The objective of experiment was to test alternatives to Tanjil and a range of seeding rates 
for their effect on lupin biomass, weed control, fertility services and yield of a follow-on 
maize crop under EC agro ecological conditions.  
5.2 Materials and methods 
5.2.1 Experimental site 
The study was carried out at the University of Fort Hare Research Farm. Details of 
location and climatic conditions of the study site are as described in section 3.2.1. At the 
beginning of this study the soil had a pH of 5.9 (water), an electrical conductivity of 0.14 
d/Sm and total C and N was 0.93 and 0.09 %, respectively and inorganic P was 2.01 mg 
kg
-1
.  
5.2.2 Treatments and experimental design  
Two narrow leafed lupin cultivars, Mandelup and Qualinock, were planted at five seeding 
rates, 40, 80, 120, 180 and 220 kg ha
-1
. The experiment was a 5 X 2 factorial laid in a 
Randomized Complete Block Design with three replications. Seed germination tests were 
done before each planting and seed quantities were corrected accordingly. The 
experiment was carried out in rotation with summer maize over two seasons. 
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5.2.3 Non experimental variables 
Land preparation, sowing, irrigation, fertilization and cover crop termination procedure 
were as described in section 3.2.3 for bicultures. The lupin was planted in plot sizes of 6 
X 3 m. The plants were counted a week before termination in each of the season to enable 
the calculation of plant density. In the first season, lupin was planted on 15 of May 2009 
and terminated on the 15 September 2009 and in the second season was planted on 18 
May 2010 and terminated on 19 September 2010. Residues were left to degrade on the 
soil surface. 
Maize cultivar SC 701 was planted as a follow-on crop after each cover cropping. Maize 
was planted on 28
th
 October 2009 and 31
st
 October in 2010, in the first and second season, 
respectively at a spacing of 30 cm within the row and 75 cm inter-row to target a 
population of 44 444 plants ha
-1
. Fertilizer application, thinning, weed control and 
irrigation were done as described in 4.2.3. 
5.2.4 Data collection  
Cover crop and weed biomass sampling was done as described in section 3.2.4 at 47, 65, 
87 and 120 days after planting (DAS) in 2009 and at 36, 61, 93 and 124 DAS in 2010.  
Weed species were counted at cover crop termination and identified following the 
guidelines by Bromilow (1995). Sampling of weed biomass in the maize crop was done 
the same way as described in section 3.2.4 at 3, 6 and 9 weeks after planting (WAP), 
while weed species count and identification was done at 9 WAP only. 
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Three random soil samples were taken at a depth of 20 cm to make a composite sample 
for each plot at maize planting in the second season. Soil samples were ground to pass 
through a 1 mm sieve. Soil total C, total N, available P and pH were determined using the 
methods outlined in 4.2.3. Maize grain yield and stover dry weight data were taken from a 
net plot of 2 x 1.5 m from the two central rows. The stover was weighed after oven drying 
to a constant weight at 65
o 
C. In the first season, repeated incidence of fresh cob theft 
forced harvest of trial and data from fresh cob weight is presented.   
5.2.5 Data analyses 
Analysis of variance (ANOVA) was performed with Genstat Statistical package release 
12.1 (Lawes Agricultural Trust, 2009) on all data collected using a 5 X 2 RCBD factorial 
design. Calculation of cover crop growth rates (CGRs) and separation of treatment means 
was done as described in 3.2.5. Regression analyses were done to determine the 
relationship between seed densities and cover crop biomass, grain yield and weed 
abundance measures.  
5.3 Results 
5.3.1 Rainfall and irrigation 
Monthly rainfall and irrigation received by the cover and maize crop during the study 
period compared to the long-term averages are shown in Table 5.1. Total amount of 
rainfall and irrigation received by the cover crops was 249 mm and 272 mm in 2009 and 
2010 winter seasons, respectively. Maize received 555 and 552 mm in irrigation and 
rainfall water in 2009/2010 and 2010/2011 summer seasons, respectively. 
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Table 5.1: Mean monthly temperatures, rainfall and irrigation during the study period at 
the UFH compared to the long term averages. 
 Temperature (oC) Rainfall (mm)  
Irrigation 
(mm) 
 2009 2010 
30 
year 
mean 
CV 
(%) 2009 2010 
30 
year 
mean 
CV 
(%) 2009 2010 
Cover crop          
May 16.3 17.2 15.7 6.2 14.9 5.6 20.7 114 20 45 
June 13.6 13.2 12.9 6.2 20.5 48.3 21.4 97 40 30 
July 13.5 14.2 12.9 8.0 53 16.8 17.8 105 15 45 
Aug 15 16.1 14.3 7.3 15 12 32.1 109 45 60 
Sep 16 17.4 16.0 5.8 25.3 9.1 34.2 95 - - 
Maize crop          
Oct 18 17.8 17.7 8.0 56.4 60.3 60.4 64 - - 
Nov 20 20.1 19.3 4.8 50.8 62.3 80.9 67 50 40 
Dec 20.7 20.5 21.0 4.0 42.5 122.6 73.5 66 60 15 
Jan 22.8 22.5 22.2 16.5 0.6 103.2 67.3 49 45 15 
Feb 24.1 23.1 22.5 3.7 112 40.2 66.9 41 30 30 
Mar 23 20.7 21.0 4.7 32.4 63.5 63.5 57 - - 
 
5.3.2 Cover crop dry weights 
Analysis of variance of the CGRs showed no significant three way interaction (P>0.05) 
of season X lupin cultivar X seeding rate, neither was there a two-way interaction 
(P>0.05) between any two of the main effects. However, all three main effects, season, 
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cultivar and seeding rate were highly significant (P<0.001) with regard to CGRs. The 
regression models approximating the different treatment CGRs are presented separately 
for 2009 and 2010 in Figure 5.1 and Figure 5.2 below, respectively. 
Data from 2009 season showed that CGR was significantly higher (P<0.01) in treatments 
with Mandelup lupin cultivar and there was no significant increase in CGR from planting 
lupin at seeding rate above 180 kg ha
-1 
(Figure 5.1). The calculated CGR from 2010 cover 
cropping showed no significant effect of lupin cultivar, however ,seeding rate had a 
significant effect (P<0.001) and like in 2009, there was no significant increase in CGR 
from planting lupin at seeding rate above 180 kg ha
-1
 (Figure 5.2).  
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 Figure 5.1: Lupin cover crop dry weight accumulation in 2009 season. (M-Mandelup, Q-
Qualinock and number- seeding rate in kg ha
-1
). 
 
Figure 5.2: Lupin cover crop dry weight accumulation in 2010 season. (M-Mandelup, Q-
Qualinock and number- seeding rate in kg ha
-1
) 
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In both seasons, there was no significant season X cultivar X seeding rate interaction on 
lupin dry weights collected at termination, neither was there a two way interaction 
(P>0.05). All the main effects were significant (P<0.001). Mandelup had significantly 
higher dry weights at termination, across the entire seeding rates with a mean of 6327 kg 
ha
-1
 compared to Qualinock of 5926 kg ha
-1
. There was a significant quadratic response of 
biomass to seeding rate (P<0.01) with an estimated optimum seeding rate of 206 kg ha
-1
 
(103 plants m
-2
 ) to give an optimum biomass of 7851 kg ha
-1
 (Figure 5.3). 
 
Figure 5.3: Lupin cover crop biomass yield response to seeding rate across the seasons 
and cultivars 
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5.3.3 Weed dry weights and species counts during cover cropping 
The data on weed dry weights sampled during cover cropping seasons were analyzed 
separately according to the specific sampling time in each of the seasons. No significant 
(P>0.05) two way interaction between seeding rate and cultivar nor lupin varietal 
differences were observed with regard to weed dry weights  at all the sampling dates in 
both seasons. However, seeding rate had a strong effect (P<0.001) on the weed dry 
weights at all the sampling times in 2009 and 2010 seasons (Table 5.2 and Table 5.3). A 
decrease in weed dry weight with an increase in lupin seeding rate was observed in both 
seasons. 
In 2009 season, at 47 DAS, all seeding rate levels had significantly different amounts of 
weed dry weights increasing with a decrease in seeding rate. At 65 DAS, 40 kg ha
-1
 
resulted in very high weed dry weights, which were comparable to those found with using 
80 kg ha
-1
 of seed. The last two samplings done at 87 DAS and 120 DAS showed almost 
similar trend, all seeding rates differed significantly, with weed dry weights increasing 
with a reduction in seeding rate level. However, at 120 DAS, 180 and 220kg ha
-1
 had the 
least and comparable weed dry weights (Table 5.2).   
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Table 5.2: Lupin cover crop seeding rate effect on weed dry weight (kg ha
-1
) at different 
sampling dates (DAS) in 2009 season. 
Seeding rate (kg ha
-1
) 47 DAS 65 DAS 87DAS 120DAS 
40 624
a
 1322
b
 2226
a
 2255
a
 
80 462
b
 1153
b
 1710
b
 1372
b
 
120 267
c
 702
c
 555
c
 666
c
 
180 121
d
 299
d
 339
d
 356
d
 
220 35
e
 144
e
 178
e
 224
d
 
Significance *** *** *** *** 
LSD 0.05 70 122 125 151 
CV (%) 19.2 12.7 10.3 12.8 
Means followed by different letters in the same column differ significantly at P<0.05.  
In 2010, there was no significant reduction in weed dry weights with use of above 180 kg 
ha
-1
 of seed observed at 36 DAS (Table 5.3). At 65 DAS, seeding rate levels were 
significantly different, serve for 120 and 180 kg ha
-1
, which had comparable weed dry 
weights. The last two samplings done at 87 DAS and 120 DAS showed similar trend as 
observed during the last two samplings in 2009.  
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Table 5.3: Lupin cover crop seeding rate effect on weed dry weight (kg ha
-1
) at different 
sampling dates (DAS) in 2010 season 
Seeding rate (kg ha
-1
) 36 DAS 61 DAS 93 DAS 124 DAS 
40 317
a
 1056
a
 1542
a
 2468
a
 
80 254
b
 905
b
 1149
b
 1297
b
 
120 202
c
 573
c
 527
c
 810
c
 
180 139
d
 505
c
 379
d
 338
d
 
220 118
d
 215
d
 271
e
 221
d
 
Significance *** *** *** *** 
LSD 0.05 220 85 79 154 
CV (%) 13.5 10.8 8.4 12.3 
Means followed by different letters in the same column differ significantly at P<0.05.  
Weed species counts done at cover crop termination in both seasons, showed no 
significant interaction effects (P>0.05) of seeding rate X cultivar X season. However, 
seasonal and seeding rate main effects were significant (P<0.001). Significantly lower 
weed species counts were observed in 2010 season than in 2009 season.  Weed species 
count was observed to decrease with an increase in lupin seeding rate, however, 180 and 
120 kg ha
-1
 had similar weed species count (Table 5.4). Major weed species observed 
were Galinsoga parviflora, Lamium amplexicaule, Conyza canadensis, Lactuca serriola, 
Senecio vulgaris and Crepis runcinata.  
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Table 5.4: Weed species count per 0.35 m
2
 at lupin termination in 2009 and 2010 season 
Seeding rate  (kg ha
-1)
 2009 season 2010 season 
40 6
a
 6
a
 
80 5
b
 5
b
 
120 5
b
 4
bc
 
180 4
c
 4
c
 
220 4
c
 3
c
 
Significance *** *** 
CV (%) 5.5 6.6 
Means followed by different letters in the same column differ significantly at P<0.05.  
5.3.4 Total soil carbon and nitrogen, and available phosphorus at maize planting  
Seeding rate and lupin cultivar interaction effects were not significant (P>0.05) with 
regard to soil total C and N and inorganic P measured at maize planting in the second 
season. However, lupin seeding rate had significant effect (P<0.01) on total N and 
inorganic P. There was neither a seeding rate nor varietal effect (P>0.05) observed on C.  
Improvement in soil total N and inorganic P was observed with an increase in lupin 
seeding rate. There was no significant response of soil N and P with use of lupin seeding 
rates of above 120 kg ha
-1
 (Table 5.5).  
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Table 5.5: Residual effect of lupin seeding rate on total soil carbon and nitrogen, and 
available phosphorus at maize planting 
 Total N Total C Inorganic P 
Seeding rate  
(kg ha
-1
) ………….…..%............................. ……..mg kg-1…… 
40 0.09
c
 0.95 1.98
c
 
80 0.10
bc
 0.97 2.05
bc
 
120 0.10
ab
 0.97 2.14
ab
 
180 0.11
a
 0.97 2.16
ab
 
220 0.12
a
 1.02 2.25
a
 
Significance ** ns ** 
LSD 0.05 0.012 0.117 0.14 
CV (%) 9.4 9.8 5.52 
Means followed by different letters in the same column differ significantly at P<0.05.  
5.3.5 Weed suppression in maize and maize yield  
Weed dry weights measured in the follow-on maize crop showed significant seeding rate 
effect at 6 WAP (P<0.001) and 9 WAP (P<0.05) (Table 5.6). However, there was  
neither a significant seeding rate X cultivar interaction nor cultivar main effect on weed 
dry weights at all the sampling dates. At 6 WAP treatments with 180 and 220 kg ha
-1
 had 
the least and comparable weed dry weights while at 9 WAP, all seeding rate levels gave 
comparable dry weights except 40 kg ha
-1
 which had the highest. No significant 
differences (P>0.05) were observed with regard to the effect of both plant density and 
cultivar on weed species counts in the follow-on maize. The noted common summer 
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weeds found in the maize included Galinsoga parviflora, Amaranthus hybridus, 
Chenopodium album, Portulaca oleracea, Cyperus esculentus and Nicandra physaloides. 
Table 5.6: Residual effect of lupin seeding rate on weed biomass (kg ha
-1
) in the follow-
on maize  
Seeding rate  
(kg ha
-1
) 3 WAP 6 WAP 9 WAP 
40 82.08 604.49
a
 402
a
 
80 80.95 560.48
ab
 355
ab
 
120 76.85 495.31
bc
 322
b
 
180 76.50 476.33
cd
 321
b
 
220 75.57 419.80
d
 318
b
 
Significance ns *** * 
LSD 0.05 12.45 45.63 54.67 
CV (%) 13.093 11.63 13.10 
Means followed by different letters in the same column differ significantly at P<0.05.  
There was no significant interaction (P>0.05) of season X cultivar X seeding rate with 
regards to maize stover. Only seeding rate main effect was significant (P<0.05) with 
respect to maize stover dry weights. Maize stover biomass increased with lupin seeding 
rate up to 120 kg ha
-1
 after which no significant increase was observed at higher seeding 
rates up to 220 kg ha
-1
 (Table 5.7). 
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Table 5.7: Residual effect of lupin seeding rate on maize stover dry weight at maize 
harvest across the two summer seasons 
Seeding rate (kg ha
-1
) Maize biomass (kg ha
-1
) 
40 10464
c
 
80 10935
bc
 
120 11515
ab
 
180 11960
a
 
220 12240
a
 
Significance * 
LSD 0.05 910 
CV (%) 9.6 
Means followed by different letters in the same column differ significantly at P<0.05.  
There was no significant interaction of seeding rate and lupin cultivar with respect to cob 
fresh mass in 2009/10 season. However, the seeding rate main effect was significant 
(P<0.05) whilst cultivar main effect was not significant (P>0.05). Fresh cob mass did not 
differ from 40 to 120 kg ha
-1
 seeding rate but was significantly higher at 180 and  220 kg 
ha
-1
 which performed the same (Table 5.8).  
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Table 5.8: Residual effect of lupin seeding rate on maize fresh cob mass in 2009/10 
summer season. 
Seeding rate (kg ha
-1
) Fresh cob mass (kg ha
-1
) 
40 16825
c
 
80 16931
c
 
120 17037
bc
 
180 18098
ab
 
220 18201
a
 
Significance * 
LSD 0.05 1131 
CV (%) 5.3 
Means followed by different letters in the same column differ significantly at P<0.05.  
 
In the following summer season grain yield increased with an increase in the cover crop 
seed density, however, no significant increases were noted above 120 kg ha
-1
 (Table 5.9). 
Neither interaction effects nor lupin cultivar effects (P>0.05) were observed with regard 
to maize grain yield. Significant correlations were observed between the maize grain yield 
and lupin biomass in 2010 season (P<0.001, r = 0.63), soil total N at maize planting 
(P<0.01, r = 0.5), soil available P at maize planting (P<0.001, r = 0.59) and weed dry 
weights in maize at 6 WAP (P<0.05, r = - 0.45). 
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Table 5.9: Residual effect of lupin seeding rate on maize grain yield in 2010/11 season 
Seeding rate (kg ha
-1
) Maize grain yield (kg ha
-1
) 
40 5301
c
 
80 5469
bc
 
120 6330
ab
 
180 6443
ab
 
220 6860
a
 
Significance * 
LSD 0.05 999.07 
CV (%) 13.55 
Means followed by different letters in the same column differ significantly at P<0.05.  
5.4 Discussion 
The study observed significant increases in lupin cover crop biomass in response to 
increasing seeding rates. The increased cover crop dry weight was the result of the high 
plant densities attained with the use of high seeding rates. The results are in accordance 
with findings by Luis et al. (2000) who reported an increased biomass yield with 
increased lupin plant densities.  
This study shows that for local conditions, in the Eastern Cape Province, a lupin seeding 
rate of 206 kg ha
-1
 targeting about 103 plants m
-2
 would result in optimum cover crop 
biomass of 7851 kg ha
-1
. The optimum biomass is an improvement when compared to < 2 
tons ha
-1
 of biomass realised with 80 kg ha
-1
 in studies by Murungu et al. (2011), in the 
same environment. The optimum seeding rate ensures a cover crop dry weight of > 6 tons 
ha
-1
, which is critical for the sustenance of meaningful Conservation agriculture 
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technology (Derpsch, 2008). Derpsch (2008) argued that these biomass amounts are 
necessary, not only for weed suppression, but also for reducing soil erosion prevalent in 
no-till systems without soil cover. The lack of cover crop biomass’ response to continued 
increase in seeding rate was consistent with results obtained by Huyghe (1993) and Luis 
et al. (2000). They explained the diminishing return effect as being caused by increased 
competition among the lupin plants with increasing plant density, thus resulting in the  
reduction in the number of branches and leaves per plant and hence biomass.  
The difference in cover crop biomass observed between the two cultivars could be 
attributed to differences in time to flowering. Qualinock is known to flower earlier by 
about two weeks, a process that slows down the vegetative stage, giving Mandelup a 
slight advantage to gain more dry matter. This was also observed by Palta et al (2008) 
who noted differences in plant height at maturity and attributed the higher plant height of 
Mandelup at maturity, compared to Qualinock to the longer duration of the Mandelup 
cultivar.  
Effective weed management is one of the principal goals of cover cropping for many 
farmers in the localities of the study area. Use of cover crops with a high CGR would 
ensure the fast build-up of biomass, out-competing weeds. In this study, increased lupin 
plant density resulted in reduced weed dry weights both during cover crop production and 
as dead mulch in the follow on maize. Ball et al. (2000) reported this phenomenon, where 
the use of an elevated planting density of a soyabean strongly influenced the crop’s 
competitive ability against weeds. Higher CGRs, as those observed with high cover crop 
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density, often lead to effective weed control through early season light interception 
(Teasdale et al, 2007).  
The significant effect of the lupin seeding rate on residual soil P (Bray 1) and total N may 
suggest that the high dry matter realized from use of elevated seeding rate could have 
decomposed, added N and P in amounts proportional to the cover crop dry weights. One 
other factor to explain high N levels from plots previously with high seeding rates could 
be due to increased nitrogen fixation. Joachim et al. (2009) demonstrated that the amount 
of nitrogen fixed by a legume crop is directly proportional to the bulk of growth 
produced. Therefore, high lupin plant densities in these experiments are likely to have 
increased nitrogen fixation and resulted in greater soil N improvement.  
Lupins have also been reported to develop beneficial mycorrhizal relationships, forming 
extensions called hyphae, which take up water and soil nutrients including P, particularly 
in low P soils. The relatively higher P recorded with high seeding rates could be the P 
released from the decomposing lupin residues. As a result of a combination of several 
factors provided by increased lupin density, such as good weed control, N and P fertility 
improvement, significant maize yield increases were noted.  
5.5 Conclusions  
Increasing the seed density of two narrow leafed lupin cultivars resulted in significant 
increase in cover crop biomass, improved N and P contribution, weed suppression and 
maize yield. The lupin-seeding rate for optimum cover crop biomass under the local 
conditions was found to be 206 kg ha
-1
. Whereas the use of bicultures of oat and vetch 
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and increasing seeding rates of lupin provide options for improving productivity of cover 
crops under irrigation, there is need to provide options for rain fed systems. 
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CHAPTER SIX 
6. FEASIBILITY OF RAIN FED WINTER COVER CROP PRODUCTION IN 
ROTATION WITH SUMMER MAIZE IN THE CENTRAL REGION OF 
THE EASTERN CAPE PROVINCE OF SOUTH AFRICA 
 
Abstract 
Low winter rainfall averaging 140 mm, poses a challenge to the production of high 
biomass from cover crops necessary for the success of conservation agriculture systems in 
the Eastern Cape Province (EC). An experiment was conducted to evaluate adaptability of 
white oat (Avena sativa), grazing vetch (Vicia dasycarpa), rye grass (Lolium 
multiflorum), barley (Hordeum vulgare), radish (Raphanus sativa) and triticale (Triticale 
secale), species identified as tolerant to low rainfall condition. The cover crop species 
were relayed into maturing maize crop at three planting dates; February, March and April 
of 2010, exposing them to varying rainfall conditions. The experiment was laid as a split-
plot, with planting time as the main plots and cover crop species as the sub-plots. Control 
plots with no cover crops were included.  A compound fertilizer with a ratio of 2:3:4 (30) 
N: P: K was applied to the cover crop at planting supplying 13.34 kg N ha
-1
, 20 kg P ha
-1
 
and 26.66 kg K ha
-1
. Cover crops were terminated between 123-126 days after planting at 
flowering stage and residues were left to degrade on the surface. Residue decomposition 
test was done using the litterbag weight loss study. Maize cultivar, DKC 61-25 was 
planted to the plots previously with cover crops and weedy fallow targeting a population 
of 18000 plants ha
-1
. Fertilizer application to the subsequent maize crop was at a rate of 
60 kg N ha
-1
 with a third of the N applied as a basal.  There was a significant interaction 
(P<0.001) of planting time and cover crops species on cover crop biomass at termination. 
Biomass of most cover crop species decreased with each delay in planting except for 
radish, which increased. February planted vetch had the highest growth rate while April 
planted white oat had the least. An interaction (P<0.001) effect was observed concerning 
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weed dry weights at cover crop termination. The lowest weed dry weights were recorded 
in radish (147 kg ha
-1
) and vetch (273 kg ha
-1
). February planted cover crops had the 
lowest residues remaining at maize planting resulting in higher weed dry weights sampled 
at 3 WAP (183 kg ha
-1
) and 6 WAP (553 kg ha
-1
) in the follow-on maize. Significant 
differences of planting time (P<0.001) and cover crop species (P<0.05), concerning total 
soil N at maize planting were noted. April planted cover crops improved soil N by a 
greater margin compared to earlier plantings, which were comparable. Both grazing vetch 
and radish resulted in the greatest soil N improvement compared to the other species. No 
significant differences (P>0.05) were noted with respect to inorganic P. Significantly 
higher maize grain yield (4005 kg ha
-1
) across the planting times was recorded in plots 
previously with vetch whilst all other species tested had comparable yields. Vetch and 
radish are the best bets for such rain fed systems due to their ability to accumulate 
biomass for meaningful weed suppression, fertility improvement and maize yield.  
Key words: Cover crop biomass, maize yield, relaying, soil fertility, weed suppression. 
6.1 Introduction 
Experience gained so far has shown that winter cover cropping under irrigation can 
produce enough cover crop biomass, ensuring soil cover for the subsequent summer crop 
(Murungu et al., 2010; Musunda 2010). However, maintenance of permanent cover from 
one summer season to the next, under rain fed conditions, is a challenge in the Eastern 
Cape Province (EC) (Ganyani, 2011), as most residues would have degraded by the time 
of planting the next summer crop. Furthermore, the soil fertility improvement by the 
summer cover crops is often not realized because of lack of synchrony between nutrient 
release and uptake by the follow-on crop.  Successful production of winter cover crop 
under dryland condition could lead to permanent soil cover, better weed suppression and 
synchronization of nutrient release and usage by the follow-on summer crop. 
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Analysis of rainfall for Alice, located in the central region of the EC, showed that only 
25% of the 575 mm annual rainfall is received in winter (May-August) (Ganyani, 2011). 
This low amount of rainfall might not be enough to sustain cover crop growth for 
meaningful biomass production. Hence, this study hypothesized that the amount of 
rainfall for cover cropping could be increased by planting during the late summer months. 
Cover crops planted in February, March and April would potentially receive about 221, 
172 and 140 mm of rainfall, respectively. Moreover, the late summer months, offer high 
frequencies of wet spells, ideal for successful cover crop establishment, compared to 
winter months (Ganyani, 2011).  
Planting cover crops in late summer can potentially result in increased biomass. However, 
it leads to the disruption of the largely maize based cropping system, where the majority 
of the smallholders devote their lands to the staple maize crop (Silwana, 2000). Moreover, 
very few farmers will be able to sacrifice their fields for cover cropping instead of the 
maize crop due to limited land holdings. Furthermore, labour, monetary capital, time 
investment and effort required for planting a separate rotational cover cropping can be a 
challenge for the resource poor farmers. In such scenarios, intercropping offers a feasible 
option for growing cover crops during the identified late summer months. Under the EC 
rain fed systems, maize production is currently challenged by low rainfall and 
intercropping can result in increased competition for resources between the component 
crops, negatively affecting both crops. However, competition in a maize crop is not 
critical after the vegetative stage (Joubert, 2000), presenting an opportunity for 
introducing cover crops without compromising maize yield. 
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The ability of the cover species to withstand the low rainfall conditions experienced in the 
EC winter, producing acceptable biomass becomes decisive criteria for selecting the ideal 
candidates for such systems. A number of cover crops species have been reported to grow 
in limiting moisture conditions and these include barley (Hordeum vulgare) (Pala et al., 
2008), grazing vetch (Vicia dasycarpa) (Zulfiqur et al., 2006), white oat (Avena sativa), 
Italian rye grass (Lolium multiflorum) (Evans and Scoles, 1976) and forage radish 
(Raphanus sativa) (Delgado et al., 2007).  An on-farm trial of the No-Till Club of 
KwaZulu-Natal, SA, showed that forage radish and triticale (Triticale secale) could 
maintain a substantial growth under low winter rain fed conditions, similar to the EC.   
The objective of the study was to investigate the adaptability of identified drought tolerant 
winter cover crop species for the rain fed systems of the central region of the EC. 
6.2 Materials and methods 
6.2.1 Experimental site 
The study was carried out under rain fed conditions at the University of Fort Hare 
Research Farm. Details of location and climatic conditions of the study site are as 
described in section 3.2.1. However, the soil used in this study had a pH of 5.9 (water), an 
electrical conductivity of 0.14 d/Sm and total C and N was 0.81 and 0.08%, respectively, 
and inorganic P value of 2.19 mg kg
-1
. Just before the initiation of the experiment, the 
land had growing maize (cultivar DKC-61-25) and the maize was at the late reproduction 
stage. 
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6.2.2 Cover crop production  
The experiment evaluated two factors; planting date and cover crop species. It was laid in 
a split-plot design replicated three times, with planting date as the main plot and cover 
crop species as the sub-plot. The main plot treatment had three levels; early planting 
which was on 25 February (maize at late reproductive stage), inter-mediate-planting 
which was on 25 March (maize at full physiological maturity) and late planting which 
was on 23 April (3 weeks after harvesting maize). The subplots consisted of the cover 
crop species; white oat (Avena sativa var Pallinup), grazing vetch (Vicia dasycarpa var 
Max), Italian rye grass (Lolium multiflorum var PAN Dargle), barley (Hordeum vulgare 
var SVG 13), Japanese radish (Raphanus sativa var Star) and triticale (Triticale secale var 
PAN 248). A weedy fallow was included as a control at each planting and was left with 
the maize crop for the first two planting dates and with maize stover for the late planting 
date. 
Cover crops were drilled into small furrows spaced 30 cm apart in sub-plot sizes of 6 x 3 
m using seeding rates of 100 kg ha
-1
 for white oat, barley and  triticale, 50 kg ha
-1
 for 
vetch, 30 kg ha
-1
 for radish and 40 kg ha
-1
 for rye grass. Inoculation of vetch, fertilization 
and killing of cover crops was done as described in 3.2.3. In this study cover crops were 
not irrigated. February, March and April planted cover crops were terminated in June, 
July and August 2010, respectively.  
Cover crop and weed biomass destructive sampling was done as described in section 3.2.4 
at 58, 68, 83, and 123 DAS for February planted, 33, 62, 93 and 126 DAS for March 
planted and 42, 67, 90 and 126 DAS for April planted covers crops.  Weed species were 
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counted at cover crop termination and identified following guidelines by Bromilow 
(1995) 
6.2.3 Residue decomposition and chemical composition of the soil 
Biomass samples collected at termination from the cover crop and weed fallow plots were 
used in this study. Ten 0.20 X 0.20 m nylon litterbags (1 mm pore size) were filled with 
10 g of the oven dried material for each treatment. The litterbags were randomly placed 
on the soil surface of their corresponding treatment plots a week after termination and 
rolled-on.  
A litterbag was randomly sampled monthly from each plot and ash free dry weight 
(AFDW) was determined following the method described in 4.2.2. Just before planting of 
the follow-on maize, three random soil samples (0-20 cm) were taken and mixed to make 
a composite sample for each plot. The soil samples were air-dried and ground (<1 mm). 
Soil total C, total N, available P and pH were determined using the methods outlined in 
section 4.2.3. 
6.2.4 Maize production  
A short season maize cultivar, DKC 61-25 popular with the local rain fed farmers 
(Fanadzo et al., 2009), was planted in plots previously with cover crops and weedy fallow 
as described in section 6.2.2. The follow-on maize was planted on 29 October 2010, at a 
spacing of 50 cm in-row and 90 cm inter-row targeting a population of 22 222-plant ha
-1
, 
recommended under low moisture conditions.  Fertilizer application, thinning and weed 
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control were done as described in 4.2.3. However, in this study there was no 
supplementary irrigation to the maize crop. 
Sampling of weed biomass in the maize crop was done the same way as during cover 
cropping, at 3, 6 and 9 WAP, while weed species count and identification was done at 9 
WAP only. Maize grain yield and maize stover estimates were taken from a net plot of 2 
x 1.5 m from the two central rows. The stover dry weight was determined after oven 
drying to a constant weight at 65
o 
C. 
6.2.5 Data analyses 
All data were subjected to Analysis of variance (ANOVA) using Genstat Statistical 
Package Release 12.1 (Lawes Agricultural Trust, 2009). Calculation of cover crop growth 
rates (CGRs) and means separation was done as described in 3.2.5. Correlation analyses 
were done to determine the relationship between that of cover crop biomass and weed 
abundance measures; amount of cover crop residue remaining and weed abundance 
measures. 
6.3 Results 
6.3.1 Rainfall and temperature 
Rainfall received during the cover crop growing scenarios i.e. February-June, March-July 
and April-August was below the long-term average (Table 6.1). Analysis of long term 
rainfall showed that probabilities of achieving the same or more rainfall as received 
during the cover crop field experiment were 87%, 55% and 53% for February, March and 
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April planting scenarios respectively. Among the three growing scenarios, the April-
August had the least amount of rainfall of 123 mm. The probability of achieving this 
amount was 97%, 77% and 61%, respectively for February, March and April planting 
scenarios respectively. The subsequent summer maize crop received a total of 288 mm in 
rainfall which was the same as the long-term average. 
Table 6.1: Rainfall and average temperatures during the three cover cropping scenarios 
compared to 30 year rainfall data  
 Temperature (oC) Rainfall (mm) 
 2010 
30 year 
mean 
CV 
(%) 2010 
30 year 
mean 
CV 
(%) 
Month      
Feb 23.1 22.5 3.7 40.2 66.9 41.4 
Mar 20.7 21.0 4.7 32.4 63.5 56.8 
April 19.0 18.4 6.1 40.6 48.4 76.2 
May 17.2 15.7 6.2 5.6 20.7 114.0 
June 13.2 12.9 6.2 48.3 21.4 97.6 
July 14.2 12.9 8.0 16.8 17.8 104.8 
Aug 16.1 14.3 7.3 12.2 32.1 109.4 
Cover cropping  scenario    
February-June 15.1 16.1 3.1 167 221 30.9 
March-July 13.5 14.4 3.5 143 172 43.0 
April-August 12.3 13.3 4.4 123 140 48.9 
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6.3.2 Cover crop dry weight accumulation 
There was a significant interaction (P<0.01) between planting time and cover crop 
species with regard to CGRs. Both planting time and cover crops species main effects 
were significant (P<0.01 and P<0.001 respectively). For February and March planted 
cover crops, vetch had the highest CGR whilst radish achieved the highest CGR for April 
plantings. Radish CGR was higher in March and April plantings compared with February 
planting. In contrast, grazing vetch CGR was higher with February and March plantings 
and lower with April planting. The cereals were selectively grazed for each planting date 
but for that reason data was not corrected for this effect. For oats, February planting had 
higher CGR than March and April, this is in spite of three grazings of the February 
planting and only one for the April planting. Rye exhibited similar trend to that of oats 
whilst there were no differences in CGR observed for the three planting scenarios with 
triticale. These cereals were also grazed in a similar manner to oats (Figure 6.1 A, B, C).  
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Figure 6.1: Cover crop dry weight accumulation over time by February (A) March (B) 
and April (C) planted cover crop species 
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y = 30.22x - 221.4, R² = 0.720 Oats 
y = 23.49x + 1492.R² = 0.728 Radish 
y = 40.33x - 1143. R² = 0.961 Rye 
y = 14.63x + 424.2, R² = 0.931 Triticale 
y = 45.81x + 213.7, R² = 0.918 vetch 
0 
1000 
2000 
3000 
4000 
5000 
6000 
7000 
0 20 40 60 80 100 120 140 
C
o
v
er
 c
ro
p
 d
ry
 w
ei
g
h
t 
 (
k
g
h
a
-1
) 
Days after planting 
Barley Oats Radish Rye Triticale Vetch 
y = 19.54x + 233.9 R² = 0.986 Barley 
y = 21.28x + 396.4 R² = 0.904 Oats 
y = 38.69x + 291.8 R² = 0.893 Radish 
y = 14.01x + 460.5 R² = 0.881 Rye 
y = 5.303x + 1201.R² = 0.981 Triticale 
y = 41.27x - 179.8 R² = 0.997 Vetch 
0 
1000 
2000 
3000 
4000 
5000 
6000 
0 20 40 60 80 100 120 140 
C
o
v
er
 c
ro
p
 d
ry
 w
ei
g
h
t 
 (
k
g
 h
a
-1
) 
Days after planting 
Barley Oats Radish Rye Triticale Vetch 
y = 13.87x + 574.7 R² = 0.948 Barley 
y = 3.035x + 1482. R² = 0.831 Oats 
y = 38.93x + 931.6 R² = 0.990 radish 
y = 11.2x + 389.7 R² = 0.980 Rye 
y = 20.01x + 267.5 R² = 0.807 Triticale 
y = 26.03x + 139. R² = 0.997 Vetch 
0 
1000 
2000 
3000 
4000 
5000 
6000 
7000 
0 20 40 60 80 100 120 140 
C
o
v
er
 c
ro
p
 d
ry
 w
ei
g
h
t 
(k
g
 h
a
-1
) 
Days after planting 
Barley Oats Radish Rye Triticale Vetch 
103 
 
There was a significant interaction (P<0.001) of planting time X cover crop species with 
regard to cover crop dry weights at termination (Figure 6.2). The February planting gave 
the highest cover crop dry weights except for triticale and radish. In the case of radish, 
highest dry weight was achieved with April planting whilst there were no differences 
observed for the three plantings with triticale. 
 
Figure 6.2: Interaction effects of planting date and cover crop species on cover crop dry 
weight at termination.  
6.3.3 Weed dry weights and weed species counts during cover cropping. 
There was a significant interaction between planting time X cover crop species main 
effects (P<0.001) with respect to weed dry weights measured at cover crop termination. 
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Barley, oat, triticale, vetch, rye and weedy fallow had significantly different weed dry 
weights at all the planting times while radish had comparable weed dry weights at all the 
planting times. In all the cover crop species, weed dry weights decreased with delay in 
cover crop planting. Weed fallow gave the highest weed dry weights and the least dry 
weights were measured from radish, vetch and rye across the planting dates (Figure 6.3).  
 
Figure 6.3: Weed dry weights at cover crop termination.  
There was no significant interaction between cover crop species and planting time with 
respect to weed species counts at cover crop termination. However, main effects of cover 
crop species were significant (P<0.001) but planting date was not significant (P>0.05) 
(Table 6.2). Weedy fallow had the highest number of weed species while rye, vetch and 
radish had the lowest, comparable to white oats. The weed species count in the barley 
treatment was higher than in the other cover crop treatments but lower than in the fallow. 
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The major weed species observed were Galinsoga parviflora, Lamium amplexicaule, 
Conyza canadensis, Lactuca serriola, Senecio vulgaris and Crepis runcinata.  
Table 6.2: Cover crop species effects on weed species counts per 0.35 m
2
 at cover crop 
termination  
Cover crop species Weed species counts 
Barley 3.4
b
 
Oat 2.7
bc
 
Radish 2.1
c
 
Rye 2.1
c
 
Triticale 3.2
b
 
Vetch 2.1
c
 
Weedy fallow 5
a
 
Significance  *** 
CV (%) 15.30 
Means followed by different letters in the same column differ significantly at P<0.05.  
6.3.4 Residue remaining, total soil carbon and nitrogen, and available phosphorus at 
maize planting 
There was significant interaction (P<0.001) between cover crop species and planting time 
with respect to the amount of residues remaining at maize planting (Figure 6.4). Barley, 
oats and weedy fallow residues were similar for all three planting scenarios at maize 
planting. Late planted radish, triticale and vetch had high residues remaining at maize 
planting compared with earlier plantings. Rye was the only species that achieved higher 
residues from February plantings compared to April planting. April plantings of radish 
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and vetch had the highest amounts of residue remaining at maize planting. Weedy fallow 
consistently achieved the least amount of residues across all three planting scenarios 
except for February planting when it was similar to radish. 
 
Figure 6.4: Interaction effects of planting date and cover crop species on the amount of 
residues remaining at maize planting.  
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time main effects were significant (P<0.05) with regard to total C and N, but not 
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and oat gave higher soil N than the weedy fallow, which had the lowest. Only radish plots 
had greater total C than the control. 
Table 6.3: Residual effect of time of planting cover crop species on total soil carbon and 
nitrogen, and available phosphorus at maize planting  
 Total N Total C P (Bray 1) 
 ………….…..%............................. ……..mg kg-1…… 
Planting date    
February 0.081
b
 0.82
ab
 2.43 
March 0.083
b
 0.85
a
 2.46 
April 0.089
a
 0.79
b
 2.40 
Significance * * ns 
LSD 0.05 0.005 0.42 0.159 
Cover crop species    
Barley 0.079
cd
 0.85
ab
 2.34 
Oat 0.085
bc
 0.82
abc
 2.46 
Radish 0.091
ab
 0.88
a
 2.25 
Rye 0.084
bcd
 0.83
ab
 2.44 
Triticale 0.081
cd
 0.76
c
 2.47 
Vetch 0.093
a
 0.80
bc
 2.59 
Weedy fallow 0.078
d
 0.78
bc
 2.48 
Significance  *** * ns 
LSD 0.05 0.008 0.063 0.24 
CV (%) 9.59 8.13 10.45 
Means followed by different letters in the same column differ significantly at P<0.05.  
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6.3.5 Weed suppression in maize and maize yield. 
The interaction cover crop species x planting time was not significant with respect to 
weed dry weights sampled at 3, 6 and 9 WAP in the follow-on maize crop (Table 6.4). 
However, main effect of planting time was significant (P<0.001) at all three samplings 
whilst cover crop main effect was only significant (P<0.05) at 3 WAP. Plots previously 
planted to cover crops in February gave the highest weed dry weights while those planted 
in April had the least. At 3 WAP, the weedy fallow treatment had higher weed dry 
weights than all the cover crop treatments, which were comparable. High cover crop 
biomass remaining at maize planting resulted in low dry weights as observed in 
significant negative correlation values of -0.66 , -0.65 and -0.72, at 3, 6 and 9 WAP 
respectively. 
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Table 6.4: Residual effect of time of planting and cover crops species on weed dry 
weights (kg ha
-1
) at three growth stages in follow on maize. 
 3 WAP 6 WAP 9 WAP 
Planting date    
February 183
a
 553
a
 883
a
 
March 154
b
 494
b
 872
a
 
April 114
c
 456
b
 771
b
 
Significance *** *** *** 
LSD 0.05 28.57 46.85 44.61 
Cover crop species    
Barley 155
b
 494 820 
Oat 147
b
 523 850 
Radish 139
b
 514 843 
Rye 133
b
 472 837 
Triticale 145
b
 482 856 
Vetch 128
b
 464 797 
Weedy fallow 206
a
 560 894 
Significance * ns ns 
LSD 0.05 43.65 71.57 68.16 
CV (%) 30.45 14.98 8.49 
Means followed by different letters in the same column differ significantly at P<0.05.  
There was no significant interaction between planting time and cover crop species with 
respect to weed species counts at 9 WAP. Cover crop species main effect was significant 
(P<0.01). The weedy fallow had higher species count but was similar to barley and oats. 
Vetch, rye, radish and triticale had lower species number but did not differ with oats, 
110 
 
whilst triticale did not differ with barley (Table 6.5). The common summer weeds that 
were found in the follow-on maize were Galinsoga parviflora, Amaranthus hybridus, 
Chenopodium album, Portulaca oleracea, Cyperus esculentus and Nicandra physaloides.  
Table 6.5: Residual effect of cover crop species on weed species counts per 0.35 m
2
 in 
follow-on maize crop at 9 WAP 
Cover crop species Weed species counts 
Barley 2.7
ab
 
Radish 2
c
 
Oat 2.4
abc
 
Rye 2
c
 
Triticale 2.2
bc
 
Vetch 2
c
 
Weedy fallow 2.9
a
 
Significance  ** 
CV (%) 14.76 
Means followed by different letters in the same column differ significantly at P<0.05.  
There was no significant interaction of cover crop species and cover crop planting time 
for maize grain yield. However, main effects of both cover crop planting time (P<0.001) 
and cover crop species (P<0.5) were significant (Table 6.6). With regard to planting time, 
highest maize grain yield of 3888 kg ha
-1 
was measured in plots previously under March 
planted cover crops. With regard to cover crop species, plots previously sown to vetch 
had higher maize grain yield than all other cover crop treatments, which did not differ 
with the weed fallow control. No significant differences (P>0.05) were noted with regard 
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to maize stover dry weights which ranged from 8933 to 9800 kg ha
-1
 amongst all the 
treatments. 
Table 6.6: Residual effect of time of planting and cover crop species on maize grain yield 
(kg ha
-1
) 
 Grain yield  
Planting date 
February 3514
b
 
March 3888
a
 
April 3508
b
 
Significance *** 
LSD 0.05 195.97 
Cover crop species 
Barley 3537
b
 
Oat 3578
b
 
Radish 3584
b
 
Rye 3665
b
 
Triticale 3570
b
 
Vetch 4005
a
 
Weedy  3516
b
 
Significance * 
LSD 0.05 299.34 
CV (%) 8.64 
Means followed by different letters in the same column differ significantly at P<0.05.  
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6.4 Discussion 
Under the conditions of this study, it is agronomically feasible to produce winter cover 
crops in the central Eastern Cape, improving the potential of successful establishment of 
CA systems under rain fed conditions. The study showed that planting at the tail end of 
summer produced sufficient biomass to provide cover during the normally long winter 
fallow period. February planted cover crops achieved highest biomass, except for radish 
but this did not translate to better services or higher yield for the follow-on maize crop. 
Better soil cover at maize planting time, higher total N and better weed suppression were 
observed in April planted plots. Higher maize grain yields were also observed in plots 
previously with late-planted cover crops, regardless of the lower biomass achieved in 
these plots at termination of the cover crops. This suggests that late plantings favour 
persistence of cover crop residues and better synchrony in terms of release of nutrients for 
the follow maize crop. However, significantly higher maize grain yield was achieved in 
plots planted to cover crops in March compared to April plantings. This is despite the fact 
that cover crop biomass at maize planting and total N were higher in April planted plots 
and weed biomass in these plots was lower compared to March planted plots. Data at 
hand does not readily explain this observation and further work is required to assess 
synchrony in the release of nutrients and soil moisture status at maize planting and during 
maize growth to understand advantage offered by March plantings of cover crops. 
Though parameters measured, except for maize yield, favour April plantings, assessment 
of rainfall data showed that risk of failure of cover crop plantings is higher with April 
plantings compared to March and February.  The rainfall received for each of the three 
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scenarios tested in this study for winter production of cover crops under rain fed 
conditions was below the long-term average. February planting offered better reliability 
than either March or April plantings in terms of rainfall. However, data presented showed 
that acceptable levels of cover crop biomass were achieved with radish and vetch planted 
in April when total amount of rainfall achieved was 123 mm for this scenario. Using the 
minimum rainfall of 123 mm observed in the late planting as a benchmark, cover 
cropping is likely to succeed approximately 3 in 5 years with April planting, 4 in 5 years 
for March planting and in all years with February planting. With data available, a more 
sound recommendation for the central Eastern Cape would be to recommend planting of 
cover crops in March and to focus on strategies to improve biomass yields when planting 
during this time.  
The variation of cover crop biomass, with the planting date, was largely dependent on the 
CGRs. The improved growth of the cover crops, except radish, when planted in February 
(late summer) was in agreement with Odhiambo and Bomke (2001), who reported similar 
results for hairy vetch. This could be as a result of better soil moisture (higher rainfall), 
warmer temperatures and longer days before the onset of low temperatures and shorter 
day lengths. In contrast, radish CGR and biomass was higher with delayed planting 
because it is a cool season crop. Radish is also able to tolerate drier conditions and use its 
long taproot to draw moisture from depth (Weil & Kremen, 2007).  
Grazing vetch, rye and radish offered best weed suppression in all the cover cropping 
scenarios, mainly as a result of the greater biomass accumulation which smothered the 
weeds (Teasdale et al., 2007; Musunda 2010). Whereas rye did not accumulate as much 
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dry matter, its high weed suppression effect could be attributed to its growth characteristic 
of spreading out to form a carpet on the ground, hence reducing light for understory 
growth (Teasdale et al., 2007). The consistently higher weed dry weights and species 
counts in the weedy fallow plots demonstrated the importance of cover cropping.  
However, weed suppression in the follow-on maize was largely influenced by the residue 
remaining at maize planting. Biomass loss was higher in early-planted cover crops than in 
the late-planted ones due to the longer period between killing date and maize planting. As 
a result, higher amounts of residue remained in the April planted cover crop plots at 
maize planting, suppressing weeds in the follow-on crop. However, the ability of radish to 
control weeds in maize despite accelerated decomposition could be due to the 
glucosinolates in radish residues, which are known to have allelopathic effects on weeds 
(Malik et al., 2010). 
Plots planted to cover crops in February and March had lower N levels compared to April 
plantings due to a longer period of decomposition and possibly more leaching of nutrients 
by the time of maize planting. Roy et al. (2010) reported that the mineralization of wheat 
and rice crop residues surpass immobilization at day 40 regardless of temperature. 
Moreover, the soils of the study area are high in sand (48%) and silt (28%) and low in 
clay (24%), a condition which favours high rates of mineralization (Roy et al., 2010). The 
higher soil N in radish and vetch was probably due to a high N uptake by the high 
biomass levels achieved and in the case of vetch, N fixation also contributed to the N 
value observed. The lack of improvement of total soil C in all the treatments, except 
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radish, is consistent with the poor sensitivity of this parameter. However, the higher total 
soil C in the radish plots requires further verification.  
The significant differences in maize grain yield could be attributed to the residual effects 
of the time of planting cover crop species. The higher maize grain yield in the grazing 
vetch plots, across cover crop planting times, could be due to its residual effect on soil N. 
Plots previously with March planted cover crops gave the highest grain yield, possibly 
due to an interaction of factors, including the synchronization of nutrient release with 
peak demand by the maize crop and weed control as affected by residue decomposition in 
the maize crop. The improvement of maize yields could motivate small-scale farmers to 
adopt vetch cover cropping.  
An observation noted in this study was the fact that cattle that grazed the trial did not 
prefer grazing vetch and radish. This could offer opportunity for selecting these species in 
mixed crop-livestock systems that are predominant in the smallholder sector in the 
Eastern Cape and other provinces in South Africa. Lack of enclosure and free access by 
livestock to residues in crop fields is often a challenge in the uptake and correct practice 
of CA in the smallholder sector. 
6.5 Conclusions 
Under the local conditions, it is feasible to produce winter cover crops with enough 
biomass to provide cover during the normally long winter fallow period. Greater cover 
crop biomass yield, residual soil N and follow-on maize yield could be achieved if 
grazing vetch would be planted in February and March, to benefit from the tail rain and 
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warm condition, while radish should be used for delayed planting in April. Furthermore, 
were grazing by stray cattle is a problem, grazing vetch and radish can be used as they are 
not favoured by the cattle. A repeat of the experiment is recommended, probably 
considering the effect of controlled grazing versus non-grazed cover crops.  
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CHAPTER SEVEN 
7. GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 
 
7.1 Introduction 
This chapter reviews and summarises the major findings, conclusions and 
recommendations based on the objectives of the study. The chapter revisits the main 
objectives of the study and describes the meaning of the major findings in light of 
previous studies. Major conclusions and recommendations for application by farmers 
and/or for further studies are stated. 
7.2 Discussion 
Soil degradation is a major problem in the EC, resulting in poor crop yields, particularly 
of maize, the staple crop. Attempts to promote CA, for arresting and possibly reversing 
the effects of soil degradation, improving crop productivity, have been hampered by low 
residue production.  The low residue is not able to cater for the services required to make 
the CA system work effectively. As a result, weed suppression, soil fertility and crop 
yield improvement benefits are yet to be realized from their CA systems in a manner that 
convinces more smallholder farmers to take up the technology. 
A critical analysis of preliminary studies on cover cropping under CA showed that there 
were possible ways to improve cover crop biomass production in EC smallholder maize-
based cropping systems to give permanent soil cover as well as better secondary services. 
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Hence, this study evaluated strategies for optimizing cover crop biomass production 
aiming at establishing a permanent soil cover, soil N and P fertility improvement, better 
weed suppression and maize yield.  
Overall, the study demonstrated the importance of achieving high biomass production for 
both irrigated and rain fed CA systems, as the biomass was associated with better soil 
fertility, weed suppression and maize yield. Although, Derpsch (2005) stated that cover 
crop biomass of above 6 t ha
-1
, would be ideal and critical for the success of CA systems, 
this study observed reasonable cover crop services with less than 6 t ha
-1
. This suggests 
that residue levels required to make CA system work depend on a number of factors that 
include; type of cover crop, interval between successive crops and site conditions.   
The study came out with potential strategies to optimise cover crop biomass for maximum 
benefits for irrigated systems. One such is the use of bicultures of oat and vetch, which 
showed potential in providing for both fertility and weed suppression. The study observed 
intermediate cover crop biomass quantities with use of bicultures compared to their sole 
crops and was consistent with findings by many other researchers (Sebahattin et al., 2004; 
Sainju et al., 2005; Lithourgidis et al., 2006). The efficient weed suppression by the 
bicultures, during cover cropping and as dead mulch suggest that the strategy can be 
employed without compromising the weed suppression effect by sole oat. Success with 
cover crop bicultures is of paramount importance, as it allows EC farmers to deal with 
both the inherent problem of high weed pressure and low soil fertility with one cover 
cropping.  
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When introducing CA technologies, there should not be an overreliance on one particular 
cover crop species. The cover crops may need to be rotated to avoid weed, pests or 
disease build-up and resistance. The observed better performance of lupin, with regard to 
biomass production, weed suppression, soil fertility and maize yield, as a result of 
increased plant density, is important as it provides an alternate N fixing legume cover 
crop besides vetch for irrigators. Earlier research had observed poor biomass production 
and poor competitiveness of lupin against weeds, when planted at low plant densities 
(Murungu et al., 2011). This study observed that use of 206 kg ha
-1
 targeting 103 plants 
m
-2 
would result in optimum cover crop biomass of 7851 kg ha
-1
. The improvement in 
weed suppression by lupin during cover cropping and in follow-on maize could have been 
due to increased biomass realized by increasing plant density. High plant densities result 
in fast initial cover crop growth rates and control of early weeds, and the large amounts of 
residues impeded weed growth during the follow-on maize (Teasdale et al., 2007). The 
cost of seed as result of high seed densities maybe a challenge to the majority of resource 
poor farmers, therefore, research may have to explore the possibility of retaining seed or 
integration of lupin cover cropping and seed production. 
Cover crop decomposition rates give an insight into the ability of a cover crop to provide 
for weed suppression and soil fertility for the benefit of a follow-on crop. Fast residue 
decomposition may lead to early release of soil nutrient, and weed suppression may be 
compromised. However, use of bicultures provided residues with intermediate C: N ratios 
and decomposition rates, and the results were comparable to the findings by Ruffo & 
Bollero, (2003). The intermediate decomposition as provided by the bicultures could be 
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the reason for the prolonged availability of N and P in the follow-on maize. The low N 
and P throughout the maize season by the sole oat could be a result N-immobilization and 
slow decomposition of the residues due to high C: N ratios. Murungu et al. (2011) 
observed that residues from oat have high C: N ratios and result in slowed decomposition 
compared to vetch. Therefore, where the supply of inorganic N is limited, the use of sole 
oat cover crops in maize based cropping systems may not be sustainable 
Lupin’s contribution to soil N and P for the follow-on maize was largely influenced by 
the biomass attained. Increasing lupin plant density could have increased N fixation, N 
and P uptake, later on released, resulting in greater soil fertility improvement compared to 
use of lower plant densities (Joachim et al., 2009). The ability of lupin to improve soil 
fertility further strengthens its candidacy as a potential rotational legume cover crop for 
the localities. 
While improvement in soil P was observed from all the cover cropping strategies tested, 
the soils are still considered of low P fertility (<3 mg L
-1
) and hence supplementation with 
inorganic fertilizers is necessary to get the recommended levels (Mandiringana et al., 
2005; Fertiliser Society of South Africa, 2007). Mandiringana et al. (2005) recommended 
that the soils should have more than 15 mg L
-1
, to have sufficient P for maize production. 
Similarly, cover crops did not improve soil N fertility to meet the requirement of 40, 65 
and 120 Kg N ha
-1
 required for a target yield of 4, 5 and 7 tonne maize crop for the local 
bio-climatic region (Manson et al., 2005). Though not adequate, the improvement made 
in soil N and P could result in considerable reduction of inorganic fertilizers use by 
farmers.  
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In this study, weeds in the follow-on maize crop were controlled only after 9 WAP. The 
reduced weed numbers and dry weights in plots previously cover cropped, suggest that 
cover crops effectively suppressed weeds during the critical period of maize growth. The 
consistent low weed species numbers and dry weights in plots previously under cover 
crops compared to fallow plots shows the importance of cover cropping in weed 
management under CA systems. Furthermore, it results in the reduction of maize 
production costs, particularly the number of herbicide sprays and or labour for weeding. 
Weed action by the cover crops was largely a result of the cover crop biomass produced. 
During growth, these cover crops compete vigorously with weeds for available space, 
light and nutrients. Also after killing, cover crops smoother weeds by forming a mulch 
layer on the soil surface (Teasdale, 1996). 
Success observed with winter cover cropping, with respect to biomass production and 
persistence, fertility and weed suppression was the driving force for testing the 
adaptability of cover crop species under rain fed conditions, aiming at achieving similar 
cover crop action. The results of the study suggest that vetch could be recommended for 
planting between February and March, whilst radish can be used for late planting in April 
to ensure production of substantial biomass growth. Whereas, the CGRs and biomass of 
species under the rain fed system were lower than under irrigation, their effects on weeds 
and soil total N and inorganic P was comparable to irrigated plots, particularly the April 
planted cover crops. However, one issue suggested by the findings of this study is the 
need for basic agronomic work to establish what species work, what cultivar, and best 
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management practices to support achievement of high biomass of cover crops in CA 
systems. Such work is currently lacking in research institutions in SA. 
The ability of grass species tested under the rain fed system to persist and control weeds 
efficiently, regardless of cattle grazing, may suggest that lower figures (<3500 kg ha
-1
) 
maybe sufficient for grass types to offer action on weeds under dryland systems. Studies 
by Louw and Bennie (1992) showed a successful weed action with cover crop residues of 
less than 2.5 t ha
-1
, under semi-arid conditions, similar to UFH. Furthermore, the 
opportunity of cattle grazing on the cover crop might be an attraction for livestock 
farmers to adopt the technology. However, this study was not able to quantify the biomass 
grazed. Therefore, further experiments may need to be carried out, simulating cattle 
grazing to assess the grazing frequency and amount of biomass that can be removed and 
still be able to satisfy the requirements of CA.  
The observed ability of rain fed produced cover crops to persist to the next cropping 
season is of particular interest to the majority of smallholder farmers practicing rain fed 
farming. Earlier studies by Ganyani (2011) had shown that summer produced cover crops 
could not persist to the next summer cropping season due to the long fallow period in-
between the planting seasons. However, it can be argued that the application of the study 
results by rain fed farmers would depend on the ability to obtain similar or much better 
cover crop biomass production. This would obviously depend on the probability of 
receiving similar or more amount of rainfall received during the three planting scenarios 
in this study. Hence, using probabilities calculated with long-term rainfall data, under the 
local environments farmers can produce cover crop successfully about 8 out of 10 years, 
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if planting is done in February and 5 out 10 years if planting is done either in March or 
April.   
Although, the principal benefits of a cover crop lies in the control of soil erosion, 
improvement of maize yields would be of particular interest to the local farmers who are 
reported to be having low maize grain yields of less than 3 and 1.8 t ha
-1
 under irrigation 
and rain fed systems, respectively (Fanadzo, 2007; Fanadzo et al., 2009). The descriptive 
analysis of the grain yield seem to suggest that the cover cropping strategies tested have a 
comparative yield advantage compared to the weedy fallow-maize rotation (control) or 
the reported farmers’ practice (Table 7.1). The maize yield gain from cover cropping 
could be attributed to the fertility and weed suppression effect by cover cropping. Another 
factor, which was not looked at in this study, is soil moisture conservation by the cover 
crop residues, and could have been another reason for the maize yield advantage, 
particularly under the rain fed system (Murungu et al., 2011).  However, further studies 
on water relations in these systems, particularly under rain fed conditions would be 
important as the soil moisture has effect on the soil physical properties such as aggregate 
stability, penetration resistance and water infiltration rate (Fabrizzi et al., 2005; Calegari 
et al., 2008).  
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Table 7.1: Descriptive analysis of maize yields obtained from the different cropping 
systems compared to the sole maize and reported average yields by farmers 
Cropping systems Maize yield (t ha
-1
) Yield improvement (%) 
Irrigated system   
Bicultures-maize rotation  6.3 31 
Lupin-maize rotation 6.4 33 
Weedy fallow- maize rotation 
(control) 
4.8 - 
Rain fed system   
Vetch-maize rotation  4.0 14 
Weedy fallow - maize rotation 
(control) 
3.5 - 
Farmers’ averages    
Under irrigation < 3.0 (Fanadzo et al., 2009)  
Under rain fed < 1.8 (Fanadzo, 2007)  
Yield increase was calculated in relation to weedy fallow-maize rotation 
The weedy fallow-maize rotations in this study performed better than the reported 
farmer’s average yields, suggesting that the weeds in the fallow plots could have offered 
soil cover for weed control and probably decomposed, resulting in a soil nutrient benefit. 
Based on the results, promotion of a fallow-maize rotation may be tempting, however it 
can result in increased weed problems as the uncontrolled weeds grow to maturity, 
releasing seed and increasing the weed seed bank. However, further studies may be 
undertaken to select a few of the locally adapted weed species for use as cover crops.  
Whereas the yield advantage was apparent from use of cover crops, a detailed economic 
analysis of the systems may be necessary to check their profitability, in light of the high 
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investments required to grow a cover crop. Furthermore, the relative cover crop beneficial 
effects in this study were observed from a well managed experimental farm, however, the 
majority of the intended benefactors of the research results are farming on depleted soils. 
Therefore, moving the study to on-farm, where the soils are well depleted, maybe ideal in 
establishing the extent of soil rehabilitation and profitability of cover cropping from a site 
representative of the majority of the farmers. 
7.3 General conclusions and recommendations 
 Bicultures of white oat and vetch improve cover crop biomass compared to that of 
sole vetch, and biomass increase with an increase in oat component of the mixture.  
 Biculture residues have intermediate decomposition rates compared to sole crops, 
ensuring a prolonged release of nutrients in the follow-on maize, fulfilling a dual 
purpose of soil N and P improvement and weed suppression for improved grain 
yields.  
 Increasing lupin seeding rates up to 206 kg ha-1 significantly increases lupin cover 
crop biomass production, weed suppression and maize grain yields under the local 
conditions. 
 Rain fed cover crop production under the local warm temperate environment is 
feasible with vetch planted in February and March and radish planted in April.  
7.4 Recommendations for further study 
 The grass species component of studies on bicultures and feasibility of rain fed cover 
crop production may have been compromised by cattle grazing hence a repeat of the 
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experiment would be necessary to allow conclusive statements about the performance 
of these species. 
 Studies under controlled grazing versus non grazed cover crops need to be carried for 
the benefit of farmers practicing mixed farming. 
 More information is required on the effect of planting practices such as broadcasting, 
drilling seed and the spatial arrangements of the lupin plants as well as management 
factors such planting date and inoculation on lupin biomass. 
 Future studies may focus on selection of locally adapted weed species for use as cover 
crops. 
 Research needs to explore possibilities of retaining cover crop seed or integrating 
cover cropping and seed production to reduce the cost on seed. 
 Shifting of the studies to an on-farm would allow conclusive results on performance 
of cover crops on conditions representative (well depleted) of the majority of EC 
farmers. 
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APPENDICES 
Appendix 1: Chapter 3 ANOVA tables  
Homogeneity of linear regression slopes of cover crop dry weight accumulation with 
time 2009 season  
DWD X Column        Y Column        Keep If      n Intercept     Slope 
1   1) DAS          2) %100% OAT                 6 -587.9166 68.473118 
2   1) DAS          3) %90% OAT 1                6 -527.3098 65.025674 
3   1) DAS          4) %70%OAT 30                6 -653.322 64.115267 
4   1) DAS          5) %50% OAT 5                6 -1069.092 65.889243 
5   1) DAS          6) %100%VETCH                6   -1319.6 70.94811 
 
F = 0.1051973 numerator DF = 4 denominator DF = 20 P = .9794 ns    
Homogeneity of linear regression slopes of cover crop dry weight accumulation with 
time 2010 season 
DWD X Column        Y Column        Keep If       n Intercept     Slope 
1   1) DAS          2) %100% oat                 5 -2716.858 55.401634 
2   1) DAS          3) %90% oat                  5 -3368.631 84.256404 
3   1) DAS          4) %70% oat                  5 -5536.972 109.11725 
4   1) DAS          5) %50% oat                  5 -3672.061 76.348419 
5   1) DAS          6) %100% vetch                5 -1351.253 61.606613 
 
F = 3.1187052 numerator DF = 4 denominator DF = 15 P = .0471 *   
Cover crop growth rates 
Source                     DF        SS        MS           F     P 
Blocks                     2 907.8572867 453.92864   6.7458619 .0065 **  
Main Effects                
  Season                   1 407.37675   407.37675   6.0540514 .0242 *   
  Treatment                4 1075.410513 268.85263   3.9954357 .0172 *   
Interaction                 
  Season x TRT             4 2010.383833 502.59596   7.46911   .0010 *** 
Error                      18 1211.218913 67.28994<- 
Total                      29 5612.247297            
Cover crop treatment X season interaction effect on cover crop dry weight at 
termination  
Source                     DF       SS        MS           F     P 
Blocks                     2 2093835.56 1046917.8    2.0604466 .1580 ns  
Main Effects                
  Season                   1 191992.5412 191992.54   0.3778619 .5469 ns  
  Treatment                4 12435947.41 3108986.9   6.1188198 .0031 **  
Interaction                 
  Season x Treatment       4 18264715.89   4566179   8.9867303 .0004 *** 
Error                     17 8637740.324 508102.37<- 
Total                      28    40195749    
 
 
 
 
144 
 
Contrast analysis of cover crop biomass at termination in season 1 
Source   DF   SS     MS  F P 
Blocks 2  483941.  241971.  3.57   
Treatment 4  1335990.  333997.  4.93    0.027* 
  Oat versus bicultures 1  757966.  757966.  11.19    0.010** 
  Vetch versus bicultures 1  165.  165.  0.00    0.962ns 
Error 8  541814.  67727.     
Total 14  2361746.       
Treatment contrasts 
Oat versus bicultures  1741.,  s.e. 520.5,  ss.div. 0.250 
Vetch versus bicultures  -26.,  s.e. 520.5,  ss.div. 0.250 
Contrast analysis of cover crop biomass at termination in season 2 
Source   DF   SS     MS  F P 
Blocks 2  19654241.  9827120.  15.81   
 Treatment 4  50420157.  12605039.  20.29   <.001*** 
  Oat versus bicultures 1  32586272.  32586272.  52.44   <.001*** 
  Vetch versus bicultures 1  3753581.  3753581.  6.04   0.039* 
Error 8  4971165.  621396.     
 Total 14  75045562.       
  
Treatment contrasts 
Oat versus bicultures -11417.,  s.e. 1576.6,  ss.div. 0.250 
Vetch versus bicultures -3875.,  s.e. 1576.6,  ss.div. 0.250 
Weed dry weights at 33 DAS 2009 season 
Source                         DF        SS        MS           F     P 
Blocks                         2 22615.55505 11307.778    1.999399 .1860 ns  
Main Effects                
  Treatment                    5 845052.1989 169010.44   29.883795 .0000 *** 
Error                         10 56555.88254 5655.5883<- 
Total                         17 924223.6365             
Weed dry weights at 47 DAS 2009 season 
Source                         DF       SS        MS           F     P 
Blocks                         2 15935 .74953 7967.8748   0.4419484 .6548 ns  
Main Effects                
  Treatment                    5 4150008.39 830001.68   46.037109 .0000 *** 
Error                         10 180289.7049 18028.97<- 
Total                         17 4346233.845            
Weed dry weights at 61 DAS 2009 season  
Source                         DF        SS        MS           F     P 
Blocks                         2 145048.2344 72524.117   1.4410397 .2819 ns  
Main Effects                
  Treatment                    5 8987389.595 1797477.9   35.715527 .0000 *** 
Error                          10 503276.3207 50327.632<- 
Total                          17 9635714.15             
Weed dry weights at 77 DAS 2009 season  
Source                         DF       SS        MS           F     P 
Blocks                         2 250232.257 125116.13   1.6427221 .2416 ns  
Main Effects                
  Treatment                    5 12870910.17   2574182   33.797926 .0000 *** 
Error                         10 761639.044 76163.904<- 
Total                         17 13882781.47             
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Weed dry weights at 105 DAS 2009 season 
Source                         DF        SS        MS           F     P 
Blocks                         2 31538.35692 15769.178    3.098675 .0897 ns  
Main Effects                
  Treatment                    5 14181295.47 2836259.1   557.33056 .0000 *** 
Error                         10 50890.0696 5089.007<- 
Total                         17 14263723.9             
Weed dry weights at 128 DAS 2009 season 
Source                          DF      SS        MS           F     P 
Blocks                          2 52325.08344 26162.542   0.5261298 .6064 ns  
Main Effects                
  Treatment                    5 19059313.12 3811862.6   76.656711 .0000 *** 
Error                          10 497264.0451 49726.405<- 
Total                          17 19608902.25             
Weed dry weights at 59 DAS 2010 season 
Source                          DF        SS        MS           F     P 
Blocks                         2 62825.76799 31412.884   6.6891327 .0143 *   
Main Effects                
  Treatment                    5 7162957.973 1432591.6   305.05939 .0000 *** 
Error                         10 46961.07187 4696.1072<- 
Total                         17 7272744.813             
Weed dry weights at 84 DAS 2010 season 
Source                          DF       SS        MS           F     P 
Blocks                         2 48219.98941 24109.995   4.5651848 .0390 *   
Main Effects                
  Treatment                    5 7242638.984 1448527.8   274.27618 .0000 *** 
Error                         10 52812.74592 5281.2746<- 
Total                         17 7343671.72             
Weed dry weights at 101 DAS 2010 season 
Source                         DF      SS        MS           F     P 
Blocks                         2 31992.39211 15996.196   1.7559919 .2220 ns  
Main Effects                
  Treatment                    5 12433203.94 2486640.8   272.97246 .0000 *** 
Error                         10 91094.93247 9109.4932<- 
Total                         17 12556291.26             
Weed dry weights at 117 DAS 2010 season 
Source                         DF       SS        MS           F     P 
Blocks                         2 10455.82086 5227.9104   0.6673267 .5345 ns  
Main Effects                
  Treatment                    5 18326330.73 3665266.1   467.85999 .0000 *** 
Error                         10 78341.08903 7834.1089<- 
Total                         17 18415127.64   
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Weed dry weights at 132 DAS 2010 season 
Source                       DF          SS        MS           F     P 
Blocks                       2 47264.80544 23632.403   1.8614675 .2055 ns  
Main Effects                
  Treatment                  5 23408674.69 4681734.9     368.769 .0000 *** 
Error                       10 126955.7616 12695.576<- 
Total                       17 23582895.26             
Cover crop treatment X season interaction effect on weed dry weights at cover crop 
termination  
Source                         DF         SS        MS           F     P 
Blocks                         2 32245.35537 16122.678   0.5128936 .6057 ns  
Main Effects                
  Season                       1 7173279.926 7173279.9   228.19592 .0000 *** 
  Treatment                    5    42094295   8418859    267.8202 .0000 *** 
Interaction                 
  Season x Treatment           5 373692.8216 74738.564   2.3775784 .0721 ns  
Error                         22 691564.3402 31434.743<- 
Total                         35 50365077.44    
Cover crop treatment X season interaction effect on weed species counts at cover 
crop termination  
Source                        DF       SS        MS           F     P 
Blocks                        2 0.00109046 5.4523e-4   0.0518389 .9496 ns  
Main Effects                
  Season                      1 0.07889863 0.0788986   7.5014497 .0120 *   
  Treatment                   5 0.458135196 0.091627   8.7116293 .0001 *** 
Interaction                 
  Season x Treatment          5 0.14726916 0.0294538   2.8003837 .0419 *   
Error                        22 0.231391257 0.0105178<- 
Total                        35 0.916784705             
Nitrogen uptake by cover crops at termination 
Source                         DF       SS        MS           F     P 
Blocks                         2 1252.827303 626.41365   0.7474239 .4852 ns  
Main Effects                
  Season                       1 4.16375792 4.1637579   0.0049681 .9444 ns  
  Cover crop treatment         5 112435.6539 22487.131   26.831182 .0000 *** 
Interaction                 
  Season x cover crop          5 13556.65663 2711.3313   3.2351048 .0244 *   
Error                         22 18438.13212 838.09691<- 
Total                         35 145687.4337             
Carbon uptake by cover crops at termination 
Source                          DF      SS        MS           F     P 
Blocks                         2 618335.6155 309167.81   2.8792979 .0775 ns  
Main Effects                
  Season                       1 13564.55634 13564.556   0.1263275 .7257 ns  
  cover crop                   5 12858108.75 2571621.7   23.949664 .0000 *** 
Interaction                 
  Season x cover crop          5 3318301.944 663660.39   6.1807081 .0010 **  
Error                         22 2362274.418 107376.11<- 
Total                         35 19170585.28   
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Phosphorus uptake by cover crops at termination 
Source                        DF       SS        MS           F     P 
Blocks                         2 85.65279932   42.8264   3.0600678 .0672 ns  
Main Effects               
  Season                       1 4.019083373 4.0190834   0.2871749 .5974 ns  
  Cover crop                   5 877.8816546 175.57633   12.545427 .0000 *** 
Interaction                 
  Season x cover crop          5 244.318094 48.863619   3.4914443 .0179 *   
Error                         22 307.8953936 13.995245<- 
Total                         35 1519.767025 
 
             
Appendix 2: Chapter 4 ANOVA tables 
Cover crop biomass C: N ratio at termination    
Source                        DF    SS        MS           F     P 
Blocks                        2 5.16396941 2.5819847   6.1727346 .0074 **  
Main Effects                
  Season                      1 0.035925791 0.0359258   0.0858876 .7722 ns  
  Cover crop                  5 243.8364392 48.767288   116.58765 .0000 *** 
Interaction                 
  Season x cover crop         5 1.842721126 0.3685442   0.8810764 .5101 ns  
Error                        22 9.202349924 0.4182886<- 
Total                        35 260.0814055          
Cover crop biomass C: N ratio contrast analysis 
 
Source of variation           DF        SS          MS         F     P  
Blocks 2  5.1640  2.5820  6.52   
Cover crop                     5  243.8364  48.7673  123.23 <.001 
  Oat versus bicultures 1  106.7433  106.7433  269.72 <.001 
  Vetch versus bicultures 1  50.9216  50.9216  128.67 <.001 
Error 28  11.0810  0.3957      
Total 35  260.0814        
Tables of contrasts 
Oat versus bicultures   14.61,  s.e. 0.890,  ss.div. 0.500 
Vetch versus bicultures -10.09,  s.e. 0.890,  ss.div. 0.500 
Type of residue X time in field interaction with regard to residue remaining 
Source                         DF       SS        MS           F     P 
Blocks                         2 40.53382346 20.266912   1.6550339 .1960 ns  
Main Effects                
  Treatment                    5 23985.30526 4797.0611   391.73697 .0000 *** 
  Week                         8 34151.38798 4268.9235   348.60827 .0000 *** 
Interaction                 
  Treatment x Week            40 906.0476543 22.651191   1.8497386 .0067 **  
Error                        106 1298.035443 12.245617<- 
Total                        161 60381.31016   
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Cover crop residue remaining at maize planting  
Source                          DF        SS        MS           F     P 
Blocks                         2    19811.56   9905.78   0.1133047 .8941 ns  
Main Effects                
  Treatment                    5 20802788.24 4160557.6   47.589481 .0000 *** 
Error                          9 786833.9393 87425.993<- 
Total                         16 21761369.62             
Contrast analysis of the cover crop residue decomposition coefficient (K) 
Source                     DF      SS          MS            F         P 
Blocks                 0.0001320 0.0000660  0.22   
Treatment      5   0.1546242 0.0309248  102.54    <.001 
  Oat versus bicultures 1   0.0045762 0.0045762  15.17      0.003 
  Vetch versus bicultures 1   0.0290758 0.0290758  96.41      <.001 
Error       10   0.0030159 0.0003016     
Total    17   0.1577721       
 
Tables of contrasts 
Oat versus bicultures   -0.135,  s.e. 0.0347,  ss.div. 0.250 
Vetch versus bicultures 0.341,  s.e. 0.0347,  ss.div. 0.250 
Weed dry weights in maize at 3 WAP  
Source                          DF        SS        MS           F     P 
Blocks                         2 12.19366436 6.0968322   0.1225797 .8859 ns  
Main Effects                
  Treatment                    5 1917.257632 383.45153    7.709474 .0033 **  
Error                         10 497.3770273 49.737703<- 
Total                         17 2426.828324             
Weed dry weights in maize at 6 WAP   
Source                          DF         SS        MS           F     P 
Blocks                         2 5651.552679 2825.7763   3.2822646 .0802 ns  
Main Effects                
  Treatment                    5 103845.9492 20769.19   24.124336 .0000 *** 
Error                         10 8609.227635 860.92276<- 
Total                         17 118106.7295             
Weed dry weights in maize at 9 WAP   
Source                          DF        SS        MS           F     P 
Blocks                         2 388.8518911 194.42595   0.1072676 .8993 ns  
Main Effects                
  Treatment                    5 28045.34235 5609.0685   3.0946034 .0605 ns  
Error                         10 18125.32279 1812.5323<- 
Total                         17 46559.51704             
Weed species in maize at 9 WAP 
 
Source                        DF        SS        MS           F     P 
Blocks                        2 0.002052001 0.001026   0.2773324 .7634 ns  
Main Effects                
  Treatment                   5 0.040944864 0.008189    2.213515 .1334 ns  
Error                        10 0.036995334 0.0036995<- 
Total                        17   0.0799922  
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Inorganic N in top 20 cm at 0 WAP 
Source                       DF      SS        MS           F     P 
Blocks                        2 168.4444444 84.222222    6.182708 .0179 *   
Main Effects                
  Treatment                   5 2508.444444 501.68889   36.828711 .0000 *** 
Error                        10 136.2222222 13.622222<- 
Total                        17 2813.111111             
Inorganic N in top 20 cm at 6 WAP 
Source                         DF        SS        MS           F     P 
Blocks                         2 35.11111111 17.555556        3.16 .0864 ns  
Main Effects                
  Treatment                    5 831.1111111 166.22222       29.92 .0000 *** 
Error                         10 55.55555556 5.5555556<- 
Total                         17 921.7777778           
Inorganic N in top 20 cm at 12 WAP 
  Source                        DF       SS        MS           F     P 
Blocks                          2           7       3.5   0.1926606 .8278 ns  
Main Effects                
  Treatment                     5 597.8333333 119.56667   6.5816514 .0058 **  
Error                          10 181.6666667 18.166667<- 
Total                          17       786.5             
Inorganic N in top 20 cm at 19 WAP 
Source                          DF       SS        MS           F     P 
Blocks                          2 0.777777778 0.3888889   0.2348993 .7949 ns  
Main Effects                
  Treatment                     5 14.27777778 2.8555556   1.7248322 .2165 ns  
Error                          10 16.55555556 1.6555556<- 
Total                          17 31.61111111             
Inorganic N in top 20 cm at 24 WAP 
  Source                        DF   Type I SS        MS           F     P 
Blocks                          2 0.111111111 0.0555556           1 .4019 ns  
Main Effects                
  Treatment                     5 0.277777778 0.0555556           1 .4651 ns  
Error                          10 0.555555556 0.0555556<- 
Total                          17 0.944444444           
Inorganic N in 20-40 cm soil depth at 0 WAP 
Source                         DF        SS        MS           F     P 
Blocks                         2 6.333333333 3.1666667   0.4222222 .6668 ns  
Main Effects                
  Treatment                    5 1472.666667 294.53333   39.271111 .0000 *** 
Error                         10          75       7.5<- 
Total                         17        1554 
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Inorganic N in 20-40 cm soil depth at 6 WAP 
Source                         DF        SS        MS           F     P 
Blocks                         2 5.444444444 2.7222222   1.5217391 .2649 ns  
Main Effects                
  Treatment                    5 289.1111111 57.822222   32.322981 .0000 *** 
Error                         10 17.88888889 1.7888889<- 
Total                         17 312.4444444 
Inorganic N in 20-40 cm soil depth at 12 WAP 
Source                         DF        SS        MS           F     P 
Blocks                         2 3.111111111 1.5555556   0.1971831 .8242 ns  
Main Effects                
  Treatment                    5 142.2777778 28.455556   3.6070423 .0400 *   
Error                         10 78.88888889 7.8888889<- 
Total                         17 224.2777778             
Inorganic N in 20-40 cm soil depth at 19 WAP 
Source                        DF        SS        MS           F     P 
Blocks                         2 2.111111111 1.0555556   1.7924528 .2161 ns  
Main Effects                
  Treatment                    5 1.611111111 0.3222222   0.5471698 .7376 ns  
Error                         10 5.888888889 0.5888889<- 
Total                         17 9.611111111             
Inorganic N in 20-40 cm soil depth at 24 WAP 
Source                         DF        SS        MS           F     P 
Blocks                         2           0         0           0     1 ns  
Main Effects                
  Treatment                    5 1.166666667 0.2333333      0.4375 .8129 ns  
Error                         10 5.333333333 0.5333333<- 
Total                         17         6.5             
Inorganic N in 40-60 cm soil depth at 0 WAP 
Source                        DF        SS        MS           F     P 
Blocks                         2 8.777777778 4.3888889   0.4067971 .6763 ns  
Main Effects                
  Treatment                    5 778.4444444 155.68889   14.430484 .0003 *** 
Error                         10 107.8888889 10.788889<- 
Total                         17 895.1111111             
Inorganic N in 40-60 cm soil depth at 6 WAP 
Source                          DF        SS        MS           F     P 
Blocks                         2 1.444444444 0.7222222   1.3829787 .2949 ns  
Main Effects                
  Treatment                    5 20.44444444 4.0888889   7.8297872 .0031 **  
Error                         10 5.222222222 0.5222222<- 
Total                         17 27.11111111  
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Inorganic N in 40-60 cm soil depth at 12 WAP 
Source                        DF        SS        MS           F     P 
Blocks                         2 0.444444444 0.2222222           1 .4019 ns  
Main Effects                
  Treatment                    5 3.777777778 0.7555556         3.4 .0471 *   
Error                         10 2.222222222 0.2222222<- 
Total                         17 6.444444444             
Inorganic N in 40-60 cm soil depth at 19 WAP 
Source                        DF        SS        MS           F     P 
Blocks                         2 1.083333333 0.5416667    1.969697 .1900 ns  
Main Effects                
  Treatment                    5 1.291666667 0.2583333   0.9393939 .4961 ns  
Error                         10        2.75     0.275<- 
 
Inorganic N in 40-60 cm soil depth at 24 WAP 
Source                        DF        SS        MS           F     P 
Blocks                         2 0.111111111 0.0555556   0.2173913 .8083 ns  
Main Effects                
  Treatment                    5 4.444444444 0.8888889   3.4782609 .0442 *   
Error                         10 2.555555556 0.2555556<- 
Total                         17 7.111111111      
Inorganic P in top 20 cm of soil at 0 WAP  
Source                        DF        SS        MS           F     P 
Blocks                        2 0.469223362 0.2346117   1.0769075 .3771 ns  
Main Effects                
  Treatment                   5 19.06691422 3.8133828   17.504075 .0001 *** 
Error                        10 2.178568577 0.2178569<- 
Total                        17 21.71470616 
Inorganic P in top 20 cm of soil at 6 WAP  
Source                        DF        SS        MS           F     P 
Blocks                        2 0.144001582 0.0720008   0.5456197 .5958 ns  
Main Effects               
  Treatment                   5 2.458450941 0.4916902   3.7260126 .0365 *   
Error                        10 1.319614941 0.1319615<- 
Total                        17 3.922067464 
             
Inorganic P in top 20 cm of soil at 12 WAP  
Source                       DF        SS        MS           F     P 
Blocks                       2 0.237997939 0.118999   2.6910204 .1161 ns  
Main Effects                
  Treatment                  5 0.087378337 0.0174757   0.3951915 .8414 ns  
Error                       10 0.442207614 0.0442208<- 
Total                       17 0.767583891  
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Inorganic P in top 20 cm of soil at 19 WAP  
Source                       DF        SS        MS           F     P 
Blocks                       2 0.405609705 0.2028049   1.6908258 .2331 ns  
Main Effects                
  Treatment                  5 0.363340533 0.0726681    0.605849 .6978 ns  
Error                       10 1.199442633 0.1199443<- 
Total                       17 1.968392871 
Inorganic P in top 20 cm of soil at 24 WAP  
Source                       DF        SS        MS           F     P 
Blocks                       2 0.042687165 0.0213436   0.2343612 .7953 ns  
Main Effects                
  Treatment                  5 0.174303773 0.0348608   0.3827853 .8496 ns  
Error                       10 0.910713048 0.0910713<- 
Total                       17 1.127703986             
Inorganic P in 20-40 cm of soil depth at 0 WAP  
Source                       DF        SS        MS           F     P 
Blocks                       2 0.314173524 0.1570868   1.0385298 .3892 ns  
Main Effects                
  Treatment                  5 16.16609649 3.2332193   21.375414 .0000 *** 
Error                       10 1.512587912 0.1512588<- 
Total                       17 17.99285792             
Inorganic P in 20-40 cm of soil depth at 6 WAP  
Source                       DF        SS        MS           F     P 
Blocks                       2 0.039865828 0.0199329   0.2219658 .8048 ns  
Main Effects                
  Treatment                  5 0.976554794 0.195311   2.1749132 .1385 ns  
Error                       10 0.898017264 0.0898017<- 
Total                       17 1.914437887             
Inorganic P in 20-40 cm of soil depth at 12 WAP  
Source                          DF        SS        MS           F     P 
Blocks                         2 0.593129427 0.2965647   2.7191161 .1140 ns  
Main Effects                
  Treatment                    5 0.229420756 0.0458842   0.4206985 .8243 ns  
Error                         10 1.090665872 0.1090666<- 
Total                         17 1.913216055             
Inorganic P in 20-40 cm of soil depth at 19 WAP  
Source                          DF        SS        MS           F     P 
Blocks                         2 0.074276127 0.0371381   0.3222202 .7318 ns  
Main Effects                
  Treatment                    5 0.016935947 0.0033872   0.0293882 .9994 ns  
Error                         10 1.152567873 0.1152568 
Total                         17  
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Inorganic P in 20-40 cm of soil depth at 24 WAP  
Source                        DF        SS        MS           F     P 
Blocks                        2 0.032752683 0.0163763   0.1413856 .8699 ns  
Main Effects                
  Treatment                   5 0.077521001 0.0155042    0.133856 .9807 ns  
Error                        10 1.158274995 0.1158275<- 
Total                        17 1.268548679             
Inorganic P in 40-60 cm of soil depth at 0 WAP  
Source                        DF        SS        MS           F     P 
Blocks                         2 0.048015222 0.0240076    0.706503 .5164 ns  
Main Effects                
  Treatment                    5 0.032820869 0.0065642   0.1931724 .9582 ns  
Error                         10 0.339809046 0.0339809<- 
Total                         17 0.420645137             
Inorganic P in 40-60 cm of soil depth at 6 WAP  
Source                          DF        SS        MS           F     P 
Blocks                         2 0.032327765 0.0161639   0.3376158 .7213 ns  
Main Effects                
  Treatment                    5 0.23852806 0.0477056   0.9964293 .4669 ns  
Error                         10 0.478765644 0.0478766<- 
Total                         17 0.749621469             
Inorganic P in 40-60 cm of soil depth at 12 WAP  
Source                        DF        SS        MS           F     P 
Blocks                         2 0.031998247 0.0159991   0.0994218 .9062 ns  
Main Effects                
  Treatment                    5 0.812402646 0.1624805   1.0096867 .4603 ns  
Error                         10 1.609217266 0.1609217<- 
Total                         17 2.453618159             
Soil depth X treatment interaction on soil inorganic N at 0 WAP 
Source                        DF        SS        MS           F     P 
Blocks                         2 28.25925926 14.12963   1.0126474 .3739 ns  
Main Effects                
  Depth                        2 3603.703704 1801.8519   129.13576 .0000 *** 
  Treatment                    5 3760.37037 752.07407   53.899914 .0000 *** 
Interaction                 
  Depth x Treatment           10 999.1851852 99.918519   7.1609962 .0000 *** 
Error                         34 474.4074074 13.953159<- 
Total                         53 8865.925926             
Soil depth X treatment interaction on soil inorganic N at 6 WAP 
Source                        DF        SS        MS           F     P 
Blocks                         2 17.59259259 8.7962963   2.9015451 .0686 ns 
Main Effects                
  Depth                        2 4049.037037 2024.5185    667.8074 .0000 *** 
  Treatment                    5 715.7037037 143.14074   47.216385 .0000 *** 
Interaction                 
  Depth x Treatment           10 424.962963 42.496296   14.017822 .0000 *** 
Error                         34 103.0740741 3.0315904<- 
Total                         53 5310.37037          
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Soil depth X treatment interaction on soil inorganic N at 12 WAP 
Source                        DF        SS        MS           F     P 
Blocks                        2 5.148148148 2.5740741   0.3263361 .7238 ns  
Main Effects                
  Treatment                   5 439.7037037 87.940741   11.148957 .0000 *** 
  Depth                       2 6850.703704 3425.3519   434.25949 .0000 *** 
Interaction                 
  Treatment x Depth          10 304.1851852 30.418519    3.856401 .0015 **  
Error                        34 268.1851852 7.8877996<- 
Total                        53 7867.925926             
Soil depth X treatment interaction on soil inorganic N at 19 WAP 
Source                       DF        SS        MS           F     P 
Blocks                        2 3.083333333 1.5416667   2.0095847 .1497 ns  
Main Effects                
  Depth                       2 79.52777778 39.763889   51.832801 .0000 *** 
  Treatment                   5 6.986111111 1.3972222   1.8212993 .1350 ns  
Interaction                 
  Depth x Treatment          10 10.19444444 1.0194444   1.3288605 .2551 ns  
Error                        34 26.08333333 0.7671569<- 
Total                        53     125.875             
Soil depth X treatment interaction on soil inorganic l N at 24 WAP 
Source                       DF        SS        MS           F     P 
Blocks                        2 0.148148148 0.0740741   0.2956522 .7459 ns 
Main Effects                
  Depth                       2 43.37037037 21.685185   86.552174 .0000 *** 
  Treatment                   5 3.037037037 0.6074074   2.4243478 .0554 ns  
Interaction                 
  Depth x Treatment          10 2.851851852 0.2851852   1.1382609 .3642 ns  
Error                        34 8.518518519 0.2505447<- 
Total                        53 57.92592593             
Soil depth X treatment interaction on soil inorganic P at 0 WAP 
Source                        DF        SS        MS           F     P 
Blocks                        2 0.127782255 0.0638911   0.4588139 .6359 ns  
Main Effects                
  Depth                       2 610.4524493 305.22622   2191.8856 .0000 *** 
  Treatment                   5 21.1095844 4.2219169   30.318361 .0000 *** 
Interaction                 
  Depth x Treatment          10 14.15624717 1.4156247   10.165861 .0000 *** 
Error                        34 4.734595387 0.1392528<- 
Total                        53 650.5806585             
Soil depth X treatment interaction on soil inorganic P at 6 WAP 
Source                       DF        SS        MS           F     P 
Blocks                        2 0.067787589 0.0338938   0.4050854 .6701 ns  
Main Effects                
  Depth                       2 319.6996964 159.84985   1910.4628 .0000 *** 
  Treatment                   5 1.555311163 0.3110622   3.7176939 .0086 **  
Interaction                 
  Depth x Treatment          10 2.118222633 0.2118223   2.5316167 .0212 *   
Error                        34 2.844805435 0.0836707<- 
Total                        53 326.2858232  
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Soil depth X treatment interaction on soil inorganic P at 12 WAP 
Source                        DF        SS        MS           F     P 
Blocks                        2 0.076319953   0.03816   0.3302299 .7210 ns  
Main Effects                
  Depth                       2 82.48707195 41.243536   356.91453 .0000 *** 
  Treatment                   5 0.322443431 0.0644887   0.5580741 .7312 ns  
Interaction                 
  Depth x Treatment          10 0.806758308 0.0806758   0.6981549 .7192 ns  
Error                        34 3.928896412 0.1155558<- 
Total                        53 87.62149006             
Soil depth X treatment interaction on soil inorganic P at 19 WAP 
Source                       DF        SS        MS           F     P 
Blocks                       2 0.221343287 0.1106716   1.4413941 .2507 ns  
Main Effects                
  Depth                      2 122.9261248 61.463062   800.49862 .0000 *** 
  Treatment                  5 0.13990228 0.0279805   0.3644191 .8693 ns  
Interaction                 
  Depth x Treatment         10   0.2403742 0.0240374   0.3130648 .9724 ns  
Error                       34 2.610553051 0.076781<- 
Total                       53 126.1382976             
Soil depth X treatment interaction on soil inorganic P at 24 WAP 
Source                         DF        SS        MS           F     P 
Blocks                         2 0.013548742 0.0067744   0.1080909 .8979 ns  
Main Effects                
  Depth                        2 92.12826574 46.064133   734.99265 .0000 *** 
  Treatment                    5 0.128421348 0.0256843   0.4098145 .8386 ns  
Interaction                 
  Depth x Treatment           10 0.123403426 0.0123403   0.1969007 .9952 ns  
Error                         34 2.130879148 0.0626729<- 
Total                         53 94.5245184             
N concentration in maize at 6 WAP  
Source                        DF        SS        MS           F     P 
Blocks                         2 0.055804334 0.0279022   0.8888708 .4413 ns  
Main Effects                
  Treatment                    5 0.077092303 0.0154185   0.4911812 .7761 ns  
Error                         10 0.313905766 0.0313906<- 
Total                         17 0.446802403  
            
N concentration in maize at 12 WAP  
Source                        DF        SS        MS           F     P 
Blocks                        2 0.058981948 0.029491   3.7717832 .0602 ns  
Main Effects                
  Treatment                   5 0.056109724 0.0112219    1.435244 .2925 ns  
Error                        10 0.078188412 0.0078188<- 
Total                        17 0.193280084   
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N concentration in maize at 19 WAP  
Source                        DF        SS        MS           F     P 
Blocks                         2 0.189531248 0.0947656   3.4411829 .0729 ns  
Main Effects                
  Treatment                    5 0.113229269 0.0226459    0.822329 .5610 ns  
Error                         10 0.275386772 0.0275387<- 
Total                         17 0.578147289             
N concentration in maize at 24 WAP  
Source                        DF        SS        MS           F     P 
Blocks                         2 0.018742378 0.0093712   2.7288983 .1133 ns  
Main Effects                
  Treatment                    5 0.035803607 0.0071607   2.0852083 .1510 ns  
Error                         10 0.034340557 0.0034341<- 
Total                         17 0.088886543             
P concentration in maize at 6 WAP  
Source                        DF        SS        MS           F     P 
Blocks                         2 0.016506637 0.0082533   3.1147397 .0888 ns  
Main Effects                
  Treatment                    5 0.001065133 2.1303e-4   0.0803946 .9938 ns  
Error                         10 0.026497619 0.0026498<- 
Total                         17 0.044069388             
P concentration in maize at 12 WAP  
Source                        DF        SS        MS           F     P 
Blocks                         2 6.652759e-5 3.3264e-5   0.1737391 .8430 ns  
Main Effects                
  Treatment                    5 7.479515e-4 1.4959e-4   0.7813207 .5854 ns  
Error                         10 0.001914582 1.9146e-4<- 
Total                         17 0.002729062           
P concentration in maize at 19 WAP  
Source                          DF        SS        MS           F     P 
Blocks                          2 5.979471e-4 2.9897e-4   2.8241588 .1066 ns  
Main Effects                
  Treatment                     5 5.904851e-4 1.181e-4    1.115566 .4111 ns  
Error                           10 0.001058629 1.0586e-4<- 
Total                           17 0.002247061             
P concentration in maize at 24 WAP  
Source                          DF        SS        MS           F     P 
Blocks                          2 2.234931e-4 1.1175e-4   0.9015023 .4366 ns  
Main Effects                
  Treatment                     5 0.001088539 2.1771e-4   1.7563327 .2097 ns  
Error                          10 0.001239559 1.2396e-4<- 
Total                          17 0.002551591  
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N uptake by maize at 6 WAP  
Source                          DF        SS        MS           F     P 
Blocks                          2 10.00493457 5.0024673   3.2027368 .0842 ns  
Main Effects                
  Treatment                     5 34.43254991   6.88651   4.4089601 .0221 *   
Error                          10 15.61935201 1.5619352<- 
Total                          17 60.05683648             
N uptake by maize at 12 WAP  
Source                          DF        SS        MS           F     P 
Blocks                          2 509.4902795 254.74514   7.4411698 .0105 *   
Main Effects                
  Treatment                     5 921.646416 184.32928   5.3843049 .0117 *   
Error                          10 342.3455547 34.234555<- 
Total                          17 1773.48225             
N uptake by maize at 19 WAP  
Source                          DF        SS        MS           F     P 
Blocks                          2 2851.160948 1425.5805   7.1504231 .0118 *   
Main Effects                
  Treatment                     5 6634.807178 1326.9614     6.65577 .0056 **  
Error                          10 1993.700871 199.37009<- 
Total                          17 11479.669             
N uptake by maize at 24 WAP  
Source                          DF        SS        MS           F     P 
Blocks                          2 271.7323476 135.86617   1.0967609 .3710 ns  
Main Effects                
  Treatment                     5 4939.48862 987.89772   7.9746677 .0029 **  
Error                          10 1238.794848 123.87948<- 
Total                          17 6450.015815             
P uptake by maize at 6 WAP  
Source                          DF        SS        MS           F     P 
Blocks                          2 0.465893409 0.2329467   3.0497755 .0925 ns  
Main Effects                
  Treatment                     5 0.34912676 0.0698254   0.9141647 .5095 ns  
Error                          10 0.763815918 0.0763816<- 
Total                          17 1.578836087            
P uptake by maize at 12 WAP  
Source                          DF        SS        MS           F     P 
Blocks                          2 1.821053731 0.9105269   1.1474066 .3560 ns  
Main Effects                
  Treatment                     5 7.683899541 1.5367799   1.9365836 .1748 ns  
Error                          10   7.9355206 0.7935521<- 
Total                          17 17.44047387  
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P uptake by maize at 19 WAP  
Source                          DF        SS        MS           F     P 
Blocks                          2 3.475783077 1.7378915    1.567777 .2557 ns  
Main Effects                
  Treatment                     5 35.56976458 7.1139529   6.4175996 .0064 **  
Error                          10 11.08506819 1.1085068<- 
Total                          17 50.13061585             
P uptake by maize at 24 WAP  
Source                          DF        SS        MS           F     P 
Blocks                          2 9.101651146 4.5508256    2.036383 .1812 ns  
Main Effects                
  Treatment                     5 42.49796503 8.499593   3.8033598 .0344 *   
Error                          10 22.34759126 2.2347591<- 
Total                          17 73.94720744             
Maize biomass at 6 WAP 2010/11 season  
Source                          DF        SS        MS           F     P 
Blocks                          2 3247.66775 1623.8339   2.2571403 .1552 ns  
Main Effects                
  Treatment                     5 28073.68515 5614.737   7.8045232 .0031 **  
Error                          10 7194.208858 719.42089<- 
Total                          17 38515.56176             
Maize biomass at 12 WAP 2010/11 season  
Source                          DF        SS        MS           F     P 
Blocks                          2 247741.5212 123870.76   2.4680926 .1345 ns  
Main Effects                
  Treatment                     5    1100498 220099.6   4.3854272 .0225 *   
Error                          10 501888.6216 50188.862<- 
Total                          17 1850128.142             
Maize biomass at 19 WAP 2010/11 season 
Source                          DF        SS        MS           F     P 
Blocks                           2 1800085.974 900042.99    2.244204 .1566 ns  
Main Effects                
  Treatment                      5 13749157.26 2749831.5   6.8565423 .0050 **  
Error                           10 4010522.104 401052.21<- 
Total                           17 19559765.33             
Contrast analysis on maize biomass from 2009/10 season 
Source                        DF        SS        MS           F     P 
Block stratum 2  8428593.  4214297.  1.85   
Treatment 5  25278159.  5055632.  2.22  0.132 
  Oat versus bicultures 1  186709.  186709.  0.08  0.780 
  Vetch versus bicultures 1  2015699.  2015699.  0.89  0.369 
Residual 10  22755677.  2275568.     
 Total 17  56462430.       
Treatment contrasts 
Oat versus bicultures   -864.,  s.e. 3017.0,  ss.div. 0.250 
Vetch versus bicultures 2840.,  s.e. 3017.0,  ss.div. 0.250 
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Contrast analysis on maize biomass from 2009/10 season 
Source                        DF        SS        MS           F     P 
 Block stratum 2  1223257.  611629.  0.86   
 Treatment 5  27259224.  5451845.  7.65  0.003 
  Oat versus bicultures 1  8712825.  8712825.  12.22  0.006 
  Vetch versus bicultures 1  13098.  13098.  0.02  0.895 
Residual 10  7129235.  712923.     
 Total 17  35611717.       
  
Treatment contrasts 
Oat versus bicultures   -5903. s.e. 1688.7, ss.div. 0.250 
Vetch versus bicultures -229. s.e. 1688.7, ss.div. 0.250 
Cover crop treatment X season interaction effect on maize stover biomass at harvest 
Source                          DF        SS        MS           F     P 
Blocks                         2 531288.4958 265644.25   0.5861926 .5649 ns  
Main Effects                
  Season                       1 75026.52385 75026.524   0.1655597 .6880 ns  
  Treatment                    5    53513303 10702661   23.617377 .0000 *** 
Interaction                 
  Season x Treatment           5 5363152.631 1072630.5   2.3669553 .0731 ns  
Error                         22 9969715.687 453168.89<- 
Total                         35 69452486.34           
Fresh cob mass in 2009/10 season 
Source                          DF        SS        MS           F     P 
Blocks                          2 3612254.228 1806127.1   0.9115385 .4280 ns  
Main Effects                
  Treatment                     3 29401005.94 9800335.3   4.9461538 .0184 *   
Error                          12 23776863.28 1981405.3<- 
Total                          17 56790123.45             
Maize grain yield in 2010/11 season 
Source                          DF        SS        MS           F     P 
Blocks                          2 62195.89309 31097.947   0.3017966 .7460 ns  
Main Effects                
  Treatment                     5 3295718.928 659143.79   6.3968012 .0065 **  
Error                          10 1030427.189 103042.72<- 
Total                          17 4388342.01             
Grain yield contrast analysis  
Source                        DF        SS        MS           F     P 
Blocks 2  62196.  31098.  0.30   
Treatment 5  3295719.  659144.  6.40  0.006 
  Oat versus bicultures 1  665131.  665131.  6.45  0.029 
  Vetch versus bicultures 1  235739.  235739.  2.29  0.161 
Residual 10  1030427.  103043.     
 Total 17  4388342.       
  
Treatment contrasts 
Oat versus bicultures   -1631. s.e. 642.0, ss.div. 0.250 
Vetch versus bicultures -971. s.e. 642.0, ss.div. 0.250 
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Regression analysis of residue remaining at maize planting against weed dry weights 
in maize at 3wap 
 
Regression equation:  y = 97.0429352451-0.0048680598*x^1 R^2 = 0.44014843282 
 
Source                              SS       DF        MS         F     P 
Regression               1068.16468345        1 1068.1647 12.579004 .0027 **  
x^1                      1068.16468345        1 1068.1647 12.579004 .0027 **  
Error                    1358.66364036       16 84.916478 
Total                    2426.82832381       17 
Regression analysis of residue remaining at maize planting against weed dry weights 
in maize at 6 WAP 
 
Regression equation:  y = 660.404624527-0.0432111126*x^1 R^2 = 0.44929582176 
 
Source                              SS       DF        MS         F     P 
Regression               84162.2438909        1 84162.244 13.053711 .0023 **  
x^1                      84162.2438909        1 84162.244 13.053711 .0023 **  
Error                    103158.091209       16 6447.3807 
Total                    187320.335099       17 
Regression analysis of residue remaining at maize planting against weed dry weights 
in maize at 9 WAP 
 
Regression equation:  y = 551.967457028-0.0186343081*x^1 R^2 = 0.10372551395 
 
Source                              SS       DF        MS         F     P 
Regression               15651.3913811        1 15651.391 1.8516741 .1924 ns  
x^1                      15651.3913811        1 15651.391 1.8516741 .1924 ns  
Error                    135241.005149       16 8452.5628 
Total                    150892.396531       17 
Regression analysis of weed dry weights in maize at 3 WAP against grain yield 
 
Regression equation:  y = 7699.48724127-26.422891077*x^1 R^2 = 0.38609951541 
 
Source                              SS       DF        MS         F     P 
Regression               1694336.72351        1 1694336.7 10.062856 .0059 **  
x^1                      1694336.72351        1 1694336.7 10.062856 .0059 **  
Error                    2694005.28647       16 168375.33 
Total                    4388342.00998       17 
Regression analysis of weed dry weights in maize at 6 WAP against grain yield 
 
Regression equation:  y = 6699.39886906-2.214206061*x^1 R^2 = 0.20927653163 
 
Source                              SS       DF        MS         F     P 
Regression               918376.995439        1    918377 4.234634 .0563 ns  
x^1                      918376.995439        1    918377  4.234634 .0563 ns  
Error                    3469965.01454       16 216872.81 
Total                    4388342.00998       17 
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Regression analysis of weed dry weights in maize at 9 WAP against grain yield 
 
Regression equation: y = 6696.72811021 -2.3544035917*x^1 R^2 = 0.19060255238 
 
Source                              SS       DF        MS         F     P 
Regression               836429.187826        1 836429.19 3.7677915 .0701 ns  
x^1                      836429.187826        1 836429.19 3.7677915 .0701 ns  
Error                    3551912.82216       16 221994.55 
Total                    4388342.00998       17 
 
Regression analysis of cover crop biomass at termination against grain yield 
 
Regression equation: y = 4910.03600877+0.10361029752*x^1 R^2 = 0.50165586994 
 
Source                              SS       DF        MS         F     P 
Regression               2201437.52863        1 2201437.5 16.106328 .0010 **  
x^1                      2201437.52863        1 2201437.5 16.106328 .0010 **  
Error                    2186904.48135       16 136681.53 
Total                    4388342.00998       17 
Regression analysis of soil total C at maize planting against grain yield 
 
Regression equation: y = 2672.68846264+2960.34753603*x^1 R^2 = 0.26446245297 
 
Source                              SS       DF        MS         F     P 
Regression               1160551.69244        1 1160551.7 5.7527984 .0290 *   
x^1                      1160551.69244        1 1160551.7 5.7527984 .0290 *   
Error                    3227790.31754       16 201736.89 
Total                    4388342.00998       17 
Regression analysis of soil inorganic P at maize planting against grain yield 
 
Regression equation: y = 3823.10761304+515.931483449*x^1 R^2 = 0.14635077984 
 
Source                              SS       DF        MS         F     P 
Regression               642237.275348        1 642237.28 2.7430617 .1172 ns  
x^1                      642237.275348        1 642237.28 2.7430617 .1172 ns  
Error                    3746104.73463       16 234131.55 
Total                    4388342.00998       17 
Regression analysis of soil inorganic N at maize planting against grain yield 
Regression equation: y = 4496.39424003+18.7663376845*x^1 R^2 = 0.22575920774 
Source                              SS       DF        MS         F     P 
Regression               990708.615446        1 990708.62 4.6654056 .0463 *   
x^1                      990708.615446        1 990708.62 4.6654056 .0463 *   
Error                    3397633.39453       16 212352.09 
Total                    4388342.00998       17 
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Appendix 3: Chapter 5 ANOVA tables 
Seeding rate X cultivar X season interaction effect on plant density 
Source                          DF       SS        MS           F     P 
Blocks                         2 3123.175267 1561.5876   12.524024 .3387 ns 
Main Effects                
  Species                      1 150.2894759 150.28948   1.2053304 .2792 ns  
  Seed rate                    4 84674.33282 21168.583   169.77327 .0000 *** 
  Year                         1 43.57505173 43.575052   0.3494745 .5579 ns  
Interaction                 
  Species x seed rate          4 796.8009669 199.20024   1.5975976 .1949 ns  
  Species x Year               1 0.889287814 0.8892878   0.0071321 .9331 ns  
  Seed rate x Year             4 14.22858797 3.557147    0.0285285 .9984 ns  
  Species x seed rate x Yea    4 270.3431812 67.585795   0.542042 .7058 ns  
Error                         38 4738.120088 124.68737<- 
Total                         59 93811.75473             
Relationship (regression) of seeding rate against the plant density 
Source                              SS       DF        MS         F     P 
Regression               6885.28340622        2 3442.6417 40.285774 .0242 *   
x^1                      6884.40635807        1 6884.4064 80.561286 .0122 *   
x^2                      0.87704814213        1 0.8770481 0.0102632 .9285 ns  
Error                    170.911035125        2 85.455518 
Total                    7056.19444134        4 
 
Regression equation:  y = -13.515344195 +0.5687840859*x^1 R^2 =0.97565428721 
Seeding rate X cultivar X season interaction effect on cover crop CGRs 
Source                         DF       SS        MS           F     P 
Blocks                         2 31.57009333 15.785047   1.4330689 .2512 ns  
Main Effects                
  Season                       1 365.2640267 365.26403   33.161037 .0000 *** 
  Species                      1   185.01216 185.01216   16.796604 .0002 *** 
  seed rate                    4 12618.35252 3154.5881   286.39397 .0000 *** 
Interaction                 
  Season x Species             1    19.90656 19.90656    1.8072466 .1868 ns  
  Season x seed rate           4     6.22149 1.5553725   0.1412068 .9658 ns  
  Species x seed rate          4 61.31652333 15.329131   1.3916779 .2552 ns  
  Season x Species x seed r    4 22.37985667 5.5949642   0.5079471 .7301 ns  
Error                         38 418.5645067 11.014855<- 
Total                         59 13728.58773             
Seeding rate X cultivar interaction effect on cover crop CGRs in 2009 
Source                         DF        SS        MS           F     P 
Blocks                         2 43.48880667 21.744403   1.8457668 .1866 ns  
Main Effects                
  Species                      1   163.14672 163.14672   13.848657 .0016 **  
  Seed rate                    4 6530.29312 1632.5733   138.58046 .0000 *** 
Interaction                 
  Species x seed rate          4 59.64554667 14.911387   1.2657483 .3197 ns  
Error                         18 212.0523933 11.780689<- 
Total                         29 7008.626587 
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Seeding rate X cultivar interaction effect on cover crop CGRs in 2010 
Source                         DF        SS        MS           F     P 
Blocks                         2     1.98314   0.99157   0.0926652 .9119 ns  
Main Effects                
  Species                      1      41.772    41.772   3.9037173 .0637 ns  
  Seed rate                    4 6094.280887 1523.5702   142.38216 .0000 *** 
Interaction                 
  Species x seed rate          4 24.05083333 6.0127083   0.5619054 .6933 ns  
Error                         18   192.61026 10.70057<- 
Total                         29 6354.69712             
Seeding rate X cultivar X season interaction effect on cover crop dry weights at 
termination 
Source                        DF       SS        MS           F     P 
Blocks                         2 94521.00722 47260.504   0.7118793 .4971 ns  
Main Effects                
  Season                       1 974891.0805 974891.08   14.684668 .0005 *** 
  Species                      1 2410255.831 2410255.8   36.305396 .0000 *** 
  Seed rate                    4 175064404.1 43766101   659.24356 .0000 *** 
Interaction                 
  Season x Species             1 7212.93372 7212.9337   0.1086476 .7435 ns  
  Season x seed rate           4 127636.3497 31909.087   0.4806428 .7497 ns  
  Species x seed rate          4 640784.9033 160196.23   2.4130166 .0658 ns  
  Season x Species x seed r    4 5191.155749 1297.7889   0.0195484 .9992 ns  
Error                         38 2522757.825 66388.364<- 
Total                         59 181847655.2      
Relationship between cover crop dry weight and seeding rate 
 
Regression equation:  y = 840.014+67.617*x^1-0.163*x^2 R^2 = 0.99 
 
Source                              SS       DF        MS         F     P 
Regression               14561551.6868        2 7280775.8 536.36369 .0019 **  
x^1                      13151888.8103        1  13151889 968.87966 .0010 **  
x^2                      1409662.87653        1 1409662.9 103.84772 .0095 **  
Error                    27148.6529586        2 13574.326 
Total                    14588700.3398        4 
Weed dry weights at 47 DAS 2009 season  
Source                         DF       SS        MS           F     P 
Blocks                         2 3169.148354 1584.5742   0.4711191 .6318 ns 
Main Effects                
  Species                      1 3708.558464 3708.5585   1.1026135 .3076 ns  
  Seed rate                    4 1409444.937 352361.23   104.76261 .0000 *** 
Interaction                 
  Species x seed rate          4 7267.847685 1816.9619   0.5402117 .7082 ns  
Error                         18 60541.66013 3363.4256<- 
Total                         29 1484132.152  
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Weed dry weights at 65 DAS 2009 season 
Source                         DF        SS        MS           F     P 
Blocks                         2 7751.562605 3875.7813   0.3857788 .6854 ns  
Main Effects                
  Species                      1 1024.646416 1024.6464    0.101989 .7531 ns  
  Seed rate                    4 8936292.55 2234073.1    222.37015 .0000 *** 
Interaction                 
  Species x seed rate          4 22790.13669 5697.5342   0.5671084 .6897 ns  
Error                         18 180839.541 10046.641<- 
Total                         29 9148698.437  
Weed dry weights at 87 DAS 2009 season 
Source                         DF        SS        MS           F     P 
Blocks                         2 48777.03728 24388.519   2.2837637 .1306 ns  
Main Effects                
  Species                      1 29697.97894 29697.979   2.7809466 .1127 ns  
  Seed rate                    4 19915838.89 4978959.7   466.23445 .0000 *** 
Interaction                 
  Species x seed rate          4 27790.95099 6947.7377   0.6505927 .6338 ns  
Error                         18 192223.6218 10679.09<- 
Total                         29 20214328.48             
Weed dry weights at 120 DAS 2009 season 
Source                         DF       SS        MS           F     P 
Blocks                         2   4558.1971 2279.0986   0.1464506 .8648 ns  
Main Effects                
  Species                      1 18259.8955 18259.896    1.1733466 .2930 ns  
  Seed rate                    4 17035739.27 4258934.8   273.67115 .0000 *** 
Interaction                 
  Species x seed rate          4 39750.98343 9937.7459   0.6385809 .6417 ns  
Error                         18 280120.2335 15562.235<- 
Total                         29 17378428.58  
Weed dry weights at 36 DAS 2010 season 
Source                         DF        SS        MS           F     P 
Blocks                         2 2449.652548 1224.8263   1.5712405 .2350 ns  
Main Effects                
  Species                      1 270.3674689 270.36747   0.3468347 .5632 ns  
  Seed rate                    4 162171.7024 40542.926   52.009569 .0000 *** 
Interaction                 
  Species x seed rate          4 421.5612394 105.39031   0.1351976 .9672 ns  
Error                         18 14031.50765 779.5282<- 
Total                         29 179344.7913             
Weed dry weights at 61 DAS 2010 season 
Source                         DF        SS        MS           F     P 
Blocks                         2 4851.889496 2425.9447   0.4940418 .6182 ns  
Main Effects                
  Species                      1 20749.62661 20749.627    4.225646 .0546 ns  
  Seed rate                    4 2627940.303 656985.08   133.79452 .0000 *** 
Interaction                 
  Species x seed rate          4 45127.00834 11281.752   2.2975204 .0987 ns  
Error                         18 88387.26113 4910.4034<- 
Total                         29 2787056.089   
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Weed dry weights at 93 DAS 2010 season 
Source                         DF      SS        MS           F     P 
Blocks                         2 42320.09537 21160.048   4.9676758 .0191 *   
Main Effects                
  Species                      1 4250.728899 4250.7289   0.9979299 .3311 ns  
  Seed rate                    4 7207902.469 1801975.6   423.04398 .0000 *** 
Interaction                 
  Species x seed rate          4 30734.14985 7683.5375   1.8038392 .1721 ns  
Error                         18 76671.84238 4259.5468<- 
Total                         29 7361879.285      
Weed dry weights at 124 DAS 2010 season 
Source                         DF       SS        MS           F     P 
Blocks                         2 61031.18979 30515.595   1.8982258 .1786 ns 
Main Effects                
  Species                      1 80357.71759 80357.718   4.9986604 .0383 *   
  seed rate                    4  19928543.7 4982135.9   309.91429 .0000 *** 
Interaction                 
  Species x seed rate          4 148185.7085 37046.427   2.3044769 .0979 ns  
Error                         18 289365.312 16075.851<- 
Total                         29 20507483.63             
Season X seeding rate X species interaction effect on weed dry weights at cover crop 
termination   
Source                        DF       SS        MS           F     P 
Blocks                         2 47220.14768 23610.074    1.526198 .2304 ns  
Main Effects                
  Season                       1 41083.25039 41083.25    2.6556959 .1114 ns  
  Species                      1 11003.14736 11003.147   0.7112634 .4043 ns  
  Seed rate                    4 36788755.8   9197189    594.52298 .0000 *** 
Interaction                 
  Season x Species             1 87614.46574 87614.466    5.663558 .0224 *   
  Season x seed rate           4 175527.1637 43881.791   2.8365986 .0375 *   
  Species x seed rate          4 28063.47718 7015.8693   0.4535185 .7692 ns  
  Season x Species x seed r    4 159873.2147 39968.304   2.5836237 .0524 ns  
Error                         38 587854.7848 15469.863<- 
Total                         59 37926995.46             
Weed species counts at cover crop termination 2009 season  
Source                        DF       SS        MS           F     P 
Blocks                        2 0.004735276 0.0023676   1.3378026 .2873 ns  
Main Effects                
  Species                     1 0.001005572 0.0010056   0.5681855 .4607 ns  
  Seed rate                   4 0.13921649 0.0348041   19.665611 .0000 *** 
Interaction                 
  Species x seed rate         4 0.002957302 7.3933e-4   0.4177462 .7937 ns  
Error                        18 0.03185633 0.0017698<- 
Total                        29 0.17977097  
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Weed species counts at cover crop termination 2010 season  
Source                        DF       SS        MS           F     P 
Blocks                        2 0.006686221 0.0033431   1.4966282 .2505 ns  
Main Effects                
  Species                     1 4.467796e-4 4.4678e-4   0.2000122 .6600 ns  
  Seed rate                   4 0.144071962 0.036018   16.124368   .0000 *** 
Interaction                 
  Species x seed rate         4 0.002793291 6.9832e-4   0.3126219 .8658 ns  
Error                        18 0.040207705 0.0022338<- 
Total                        29 0.194205957   
Season X seeding rate X species interaction effect on weed species counts at cover 
crop termination   
Source                        DF        SS        MS           F     P 
Blocks                        2 0.011298173 0.0056491   2.9737241 .0631 ns  
Main Effects                
  Season                      1 0.037957789 0.0379578   19.981282 .0001 *** 
  Species                     1 0.001396452 0.0013965   0.7351032 .3966 ns  
  Seed rate                   4 0.280218421 0.0700546   36.877302 .0000 *** 
Interaction                 
  Season x Species            1 5.590052e-5 5.5901e-5   0.0294265 .8647 ns  
  Season x seed rate          4 0.00307003 7.6751e-4   0.4040221 .8045 ns  
  Species x seed rate         4 0.005385681 0.0013464   0.7087664 .5910 ns  
  Season x Species x seed r   4 3.649117e-4 9.1228e-5   0.0480231 .9955 ns  
Error                        38 0.072187358 0.0018997<- 
Total                        59 0.411934716             
Soil total N at maize planting 
Source                         DF       SS        MS           F     P 
Blocks                        2 4.666667e-5 2.3333e-5   0.2490119 .7822 ns  
Main Effects                
  Species                     1 1.26953e-35 1.27e-35   1.355e-31     1 ns  
  Seed rate                   4 0.002553333 6.3833e-4    6.812253 .0016 **  
Interaction                 
  Species x seed rate         4        1e-4    2.5e-5   0.2667984 .8955 ns  
Error                        18 0.001686667 9.3704e-5<- 
Total                        29 0.004386667             
Soil inorganic P at maize planting 
Source                        DF      SS        MS           F     P 
Blocks                        2 0.011565067 0.0057825   0.4238377 .6609 ns  
Main Effects                
  Species                     1     4.32e-5   4.32e-5   0.0031664 .9557 ns  
  Seed rate                   4 0.267987467 0.0669969    4.910615 .0074 **  
Interaction                 
  Species x seed rate         4   0.0107928 0.0026982   0.1977678 .9363 ns  
Error                        18 0.245578933 0.0136433<- 
Total                        29 0.535967467  
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Soil total C at maize planting 
Source                        DF      SS        MS           F     P 
Blocks                        2 0.010006667 0.0050033   0.5412476 .5912 ns  
Main Effects                
  Species                     1      2.7e-4    2.7e-4   0.0292079 .8662 ns  
  Seed rate                   4 0.019713333 0.0049283   0.5331343 .7131 ns  
Interaction                 
  Species x seed rate         4 0.028113333 0.0070283   0.7603069 .5645 ns  
Error                        18 0.166393333 0.0092441<- 
Total                        29 0.224496667             
Weed dry weights in maize at 3 WAP 
Source                        DF       SS        MS           F     P 
Blocks                         2 92.36489836 46.182449   0.4384195 .6518 ns  
Main Effects                
  Species                      1 94.53469017 94.53469   0.8974372 .3560 ns  
  Seed rate                    4 205.024713 51.256178   0.4865854 .7455 ns  
Interaction                 
  Species x seed rate          4 171.7387052 42.934676   0.4075877 .8008 ns  
Error                         18 1896.093067 105.3385<- 
Total                         29 2459.756074  
Weed dry weights in maize at 6 WAP 
Source                         DF       SS        MS           F     P 
Blocks                         2 1443.476346 721.73817   0.2039856 .8173 ns  
Main Effects                
  Species                      1 9793.608243 9793.6082   2.7679776 .1135 ns  
  Seed rate                    4 125727.4692 31431.867    8.883621 .0004 *** 
Interaction                
  Species x seed rate          4 30978.23695 7744.5592   2.1888527 .1114 ns  
Error                         18 63687.2749 3538.1819<- 
Total                         29 231630.0656             
Weed dry weights in maize at 9 WAP 
Source                        DF       SS        MS           F     P 
Blocks                        2 285.3588653 142.67943   0.0702432 .9324 ns  
Main Effects                
  Species                     1 7395.340794 7395.3408   3.6408374 .0725 ns  
  Seed rate                   4 30869.28225 7717.3206   3.7993529 .0207 *   
Interaction                 
  Species x seed rate         4 14828.23269 3707.0582   1.8250405 .1680 ns  
Error                        18 36561.95482 2031.2197<- 
Total                        29 89940.16942             
Weed species counts in maize at 9 WAP 
Source                        DF        SS        MS           F     P 
Blocks                        2 0.009823477 0.0049117   1.6244676 .2246 ns  
Main Effects                
  Species                     1 2.524134e-5 2.5241e-5   0.0083481 .9282 ns  
  Seed rate                   4 0.003884943 9.7124e-4   0.3212185 .8600 ns  
Interaction                 
  Species x seed rate         4 0.001588507 3.9713e-4   0.1313424 .9689 ns  
Error                        18 0.054424781 0.0030236<- 
Total                        29 0.069746951  
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Season X seeding rate X lupin cultivar interaction effect on regard to maize stover 
weight 
Source                        DF        SS        MS           F     P 
Blocks                        2 312404.7453 156202.37   0.1286768 .8796 ns  
Main Effects                
  Season                      1 1447.633911 1447.6339   0.0011925 .9726 ns  
  Species                     1 466267.8093 466267.81   0.3841032 .5391 ns  
  Seed rate                   4 25481135.18 6370283.8   5.2477278 .0018 **  
Interaction                 
  Season x Species            1 4658087.446 4658087.4   3.8372505 .0575 ns  
  Season x seed rate          4 5258785.956 1314696.5   1.0830238 .3786 ns  
  Species x seed rate         4 1351598.64 337899.66    0.2783558 .8901 ns  
  Season x Species x seed r   4 1348583.534 337145.88   0.2777348 .8905 ns  
Error                        38 46128685.63 1213912.8<- 
Total                        59 85006996.58             
Maize fresh cob weight 2009/10 season  
Source                       DF       SS        MS           F     P 
Blocks                       2 1800621.483 900310.74   1.0343053 .3757 ns  
Main Effects                
  Species                    1 1088435.374 1088435.4   1.2504288 .2782 ns  
  Seed rate                  4 10830603.85   2707651   3.1106346 .0413 *   
Interaction                 
  Species x seed rate        4 188124.6326 47031.158   0.0540309 .9941 ns  
Error                       18 15668094.4 870449.69<- 
Total                       29 29575879.74  
Maize grain yield 2010/11 season   
Source                         DF       SS        MS           F     P 
Blocks                         2 1404026.231 702013.12   1.0347867 .3755 ns  
Main Effects                
  Species                      1 675529.0852 675529.09   0.9957485 .3316 ns  
  Seed rate                    4 10689215.81   2672304   3.9390498 .0181 *   
Interaction                 
  Species x seed rate          4 456268.4878 114067.12   0.1681381 .9518 ns  
Error                         18 12211440.06 678413.34<- 
Total                         29 25436479.67             
Regression analysis of final cover crop biomass against grain yield 
 
Regression equation: y = 4022.78278815 +0.32905594653*x^1 R^2 =0.40342987401 
 
Source                            SS       DF        MS         F     P 
Regression               10261835.7886       1 10261836 18.934968 .0002 *** 
x^1                      10261835.7886       1  10261836 18.934968 .0002 *** 
Error                    15174643.8812       28 541951.57 
Total                    25436479.6698       29 
 
 
 
 
 
 
 
 
169 
 
Regression analysis of soil total N at maize planting against grain yield 
 
Regression equation: y = 2201.6964986 +37781.2677708*x^1 R^2 = 0.24616748127 
 
Source                              SS       DF        MS         F     P 
Regression               6261634.13264        1 6261634.1 9.143529 .0053 **  
x^1                      6261634.13264        1 6261634.1  9.143529 .0053 **  
Error                    19174845.5371       28 684815.91 
Total                    25436479.6698       29 
Regression analysis of soil total C at maize planting against grain yield 
 
Regression equation: y = 3470.19893016+2649.22976276*x^1 R^2 = 0.06857884838 
 
Source                              SS       DF        MS         F     P 
Regression               1744404.48266        1 1744404.5 2.0615892 .1621 ns  
x^1                      1744404.48266        1 1744404.5 2.0615892 .1621 ns  
Error                    23692075.1871       28 846145.54 
Total                    25436479.6698       29 
Regression analysis of soil available P at maize planting against grain yield 
 
Regression equation: y = -1242.8111538 +3462.70228072*x^1 R^2 =0.33150521817 
 
Source                              SS       DF        MS         F     P 
Regression               8432325.74245       1 8432325.7 13.885144 .0009 *** 
x^1                      8432325.74245       1 8432325.7 13.885144 .0009 *** 
Error                    17004153.9273       28 607291.21 
Total                    25436479.6698       29 
Regression analysis of weed dry weights at 9 WAP against grain yield 
 
Regression equation: y = 7868.41501784-5.1976253687*x^1 R^2 = 0.09552271157 
 
Source                              SS       DF        MS         F     P 
Regression               2429761.51086        1 2429761.5 2.9571068 .0965 ns  
x^1                      2429761.51086        1 2429761.5 2.9571068 .0965 ns  
Error                    23006718.1589       28 821668.51 
Total                    25436479.6698       29 
Regression analysis of weed dry weights at 6 WAP against grain yield 
 
Regression equation y = 8490.51373516 -4.713553322*x^1 R^2 = 0.2023181163 
 
Source                              SS       DF        MS         F     P 
Regression                5146260.6522        1 5146260.7 7.1017123 .0126 *   
x^1                       5146260.6522        1 5146260.7 7.1017123 .0126 *   
Error                    20290219.0176       28 724650.68 
Total                    25436479.6698       29 
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Regression analysis of weed dry weights at 3 WAP against grain yield 
 
Regression equation: y = 7010.17007741 -11.858847654*x^1 R^2 = 0.01359940837 
 
Source                              SS       DF        MS         F     P 
Regression               345921.074569        1 345921.07 0.3860333 .5394 ns  
x^1                      345921.074569        1 345921.07 0.3860333 .5394 ns  
Error                    25090558.5952       28 896091.38 
Total                    25436479.6698       29 
 
Appendix 4: Chapter 6 ANOVA tables  
Homogeneity of linear regression slopes of February planted cover crop dry weight 
accumulation with time 
DWD X Column    Y Column        Keep If                n Intercept     Slope 
1   1) DAS      2) Barley                              4 764.71424   19.2376 
2   1) DAS      3) Oat                                4 -221.4909 30.219726 
3   1) DAS      4) Radish                              4 1492.7974 23.492239 
4   1) DAS      5) Rye                                 4 -1143.285 40.338509 
5   1) DAS      6) Triticale                           4 424.2912 14.634261 
6   1) DAS      7) Vetch                               4 213.7741 45.813139 
 
F = 2.1480795 numerator DF = 5 denominator DF = 12 P = .1290 ns  
Homogeneity of linear regression slopes of March planted cover crop dry weight 
accumulation with time  
DWD X Column    Y Column        Keep If                n Intercept     Slope 
1   1) DAS      2) Barley                              4 233.91741 19.544533 
2   1) DAS      3) Oat                                4 291.88919 38.695982 
3   1) DAS      4) Radish                              4 291.88919 38.695982 
4   1) DAS      5) Rye                                 4 460.56643 14.013323 
5   1) DAS      6) Triticale                           4 1201.3541 5.3036045 
6   1) DAS      7) Vetch                               4 -179.8655 41.273038 
 
F = 7.1396044 numerator DF = 5 denominator DF = 12 P = .0026 **   
Homogeneity of linear regression slopes of April planted cover crop dry weight 
accumulation with time  
DWD X Column    Y Column        Keep If                n Intercept     Slope 
1   1) DAS      2) Barley                              4 574.72865 13.87796 
2   1) DAS      3) Oat                                4 1482.3888 3.034963 
3   1) DAS      4) Radish                              4 931.66226 38.936318 
4   1) DAS      5) Rye                                 4 389.69827 11.199527 
5   1) DAS      6) Triticale                           4 267.50145 20.01275 
6   1) DAS      7) Vetch                               4 1390.0457 26.030625 
 
Test of homogeneity of the slopes F = 15.072246 numerator DF = 5 denominator DF 
= 1   P = .0001 ***  
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Cover crop growth rates 
Source                       DF      SS        MS           F     P 
Main plots                  
  Blocks                     2 72.95647748 36.478239   1.1534491 .4022 ns  
  Planting date              2 782.3160538 391.15803   12.368494 .0194 *   
  Main Plot Error            4 126.5014212 31.625355<- 
CC specie                    5 4499.108965 899.82179   8.4389481 .0000 *** 
CC specie * Planting date   10 3193.236068 319.32361   2.9947656 .0097 **  
Error                       30 3198.817381 106.62725<- 
Total                       53 11872.93637 
Cover crop biomass at termination 
Source                       DF      SS        MS           F     P 
Main plots                  
  Blocks                      2 2017.869101 1008.9346   0.0197146 .9806 ns  
  Planting date               2 3061553.563 1530776.8   29.911392 .0039 **  
  Main Plot Error             4 204708.1988 51177.05<- 
CC specie                     5 73706290.29 14741258    572.57884 .0000 *** 
CC specie * Planting date    10 13810235.19 1381023.5   53.641612 .0000 *** 
Error                        30 772361.3117 25745.377<- 
Total                        53 91557166.42             
Weed dry weights at cover crop termination 
Source                       DF         SS        MS           F     P 
Main plots                  
  Blocks                      2 5700.741123 2850.3706    1.056871 .4281 ns  
  Planting date               2 1174191.728 587095.86   217.68559 .0001 *** 
  Main Plot Error             4 10787.96004   2696.99<- 
CC Species                    6 19228895.73   3204816   428.50867 .0000 *** 
CC Species * Planting date   12 483306.5377 40275.545   5.3851517 .0000 *** 
Error                        36 269243.966 7478.9991<- 
Total                        62 21172126.66             
Weed species counts at cover crop termination 
Source                       DF         SS        MS           F     P 
Main plots                  
  Blocks                     2 0.002009937 0.001005    0.2590321 .7838 ns 
  Planting date              2 0.006884739 0.0034424   0.8872758 .4798 ns  
  Main Plot Error            4 0.015518825 0.0038797<- 
CC Species                   6 0.665089355 0.1108482   13.458563 .0000 *** 
CC Species * Planting date 12 0.104305456 0.0086921   1.0553481 .4237 ns  
Error                       36 0.296505357 0.0082363<- 
Total                       62 1.090313669             
Residue remaining at maize planting in percentage of the original  
Source                      DF      SS        MS           F     P 
Main plots                
  Blocks                     2 86.27428571 43.137143   68.471655 .0008 *** 
  Planting date              2     6613.04   3306.52   5248.4444 .0000 *** 
  Main Plot Error            4        2.52      0.63<- 
CC Species                   6     3713.48 618.91333   29.136542 .0000 *** 
CC Species * Planting date 12           0         0           0     1 ns  
Error                       36 764.7057143 21.241825<- 
Total                       62    11180.02 
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Residue remaining at maize planting     
Source                       DF        SS        MS           F     P 
Main plots                  
  Blocks                      2 9836.698591 4918.3493   0.5180532 .6309 ns  
  Planting date               2 1998382.992 999191.5    105.24555 .0003 *** 
  Main Plot Error             4 37975.63055 9493.9076<- 
CC Species                    6 7784336.627 1297389.4   245.99437 .0000 *** 
CC Species * Planting date    12 5121374.238 426781.19   80.920784 .0000 *** 
Error                         36 189866.2118 5274.0614<- 
Total                         62 15141772.4  
Weed dry weights in maize at 3WAP 
Source                         DF        SS        MS           F     P 
Main plots                  
  Blocks                       2 9967.846769 4983.9234   15.932136 .0124 *   
  Planting date                2 49597.81053 24798.905   79.274803 .0006 *** 
  Main Plot Error              4 1251.288149 312.82204<- 
CC Species                     6 36726.77122 6121.1285   2.6644223 .0304 *   
CC Species * Planting date    12 23657.14822 1971.429    0.8581293 .5939 ns  
Error                         36 82704.84119 2297.3567<- 
Total                         62 203905.7061             
Weed dry weights in maize at 6 WAP 
Source                        DF        SS        MS           F     P 
Main plots                  
  Blocks                      2 15791.57897 7895.7895   0.4426522 .6704 ns  
  Planting date               2 100020.0395 50010.02    2.8036519 .1733 ns  
  Main Plot Error             4 71349.82627 17837.457<- 
CC Species                    6 61435.24866 10239.208   2.3881745 .0480 *   
CC Species * Planting date   12 54383.9222 4531.9935    1.057034 .4223 ns  
Error                        36 154348.6403 4287.4622<- 
Total                        62 457329.2559             
Weed dry weights in maize at 9 WAP 
Source                        DF         SS        MS           F     P 
Main plots                  
  Blocks                       2 22940.93882 11470.469   1.6516858 .3000 ns  
  Planting date                2 160544.2386 80272.119   11.558753 .0218 *   
  Main Plot Error              4 27778.81686 6944.7042<- 
CC Species                     6 50093.01155 8348.8353   1.6988184 .1496 ns  
CC Species * Planting date    12 85147.46371 7095.622   1.4438149 .1918 ns  
Error                         36 176921.8379 4914.4955<- 
Total                         62 523426.3074             
Weed species counts in maize 9 at WAP 
Source                         DF         SS        MS           F     P 
Main plots                  
  Blocks                       2 0.009447159 0.0047236   3.9939113 .1113 ns  
  Planting date                2 0.012592855 0.0062964   5.3237955 .0746 ns  
  Main Plot Error              4 0.004730781 0.0011827<- 
CC Species                     6 0.118799873    0.0198   3.1719041 .0133 *   
CC Species * Planting date    12 0.064855882 0.0054047   0.8658117 .5868 ns  
Error                         36 0.22472282 0.0062423<- 
Total                         62 0.435149371  
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Soil total N at maize planting 
Source                         DF      SS        MS           F     P 
Main plots                  
  Blocks                       2 2.31746e-4 1.1587e-4   0.9798658 .4505 ns  
  Planting date                2 6.31746e-4 3.1587e-4   2.6711409 .1833 ns  
  Main Plot Error              4 4.730159e-4 1.1825e-4<- 
CC Species                     6 0.001898413 3.164e-4   5.2687225 .0006 *** 
CC Species * Planting date    12 9.68254e-4 8.0688e-5   1.3436123 .2380 ns  
Error                         36 0.002161905 6.0053e-5<- 
Total                         62 0.006365079   
Soil total C at maize planting 
Source                          DF       SS        MS           F     P 
Main plots                  
  Blocks                       2 0.023755556 0.0118778   0.7578489 .5259 ns  
  Planting date                  2 0.032593651 0.0162968   1.0398015 .4329 ns  
  Main Plot Error              4 0.062692063 0.015673<- 
CC Species                     6 0.076453968 0.0127423    3.960694 .0038 **  
CC Species * Planting date    12 0.038984127 0.0032487   1.0097854 .4604 ns  
Error                         36 0.115819048 0.0032172<- 
Total                         62 0.350298413             
Soil inorganic P at maize planting 
Source                        DF      SS        MS           F     P 
Main plots                  
  Blocks                       2 0.124038578 0.0620193   1.1338333 .4073 ns  
  Planting date                2 0.039795165 0.0198976   0.3637665 .7159 ns  
  Main Plot Error              4 0.218795085 0.0546988<- 
CC Species                     6 0.653417961 0.108903    1.6571506 .1601 ns  
CC Species * Planting date    12 1.13376038   0.09448    1.4376799 .1943 ns  
Error                         36 2.365812588 0.065717<- 
Total                         62 4.535619757             
Maize stover biomass 
Source                         DF       SS        MS           F     P 
Main plots                  
  Blocks                       2    12560000   6280000   26.481928 .0049 **  
  Planting date                2     2000000   1000000   4.2168675 .1035 ns  
  Main Plot Error              4 948571.4286 237142.86<- 
CC Species                     6 6114285.714 1019047.6   0.7540521 .6104 ns  
CC Species * Planting date    12    24640000 2053333.3   1.5193798 .1624 ns  
Error                         36 48651428.57 1351428.6<- 
Total                         62 94914285.71        
Maize grain weight  
Source                        DF        SS        MS           F     P 
Main plots                  
  Blocks                      2 39362.56348 19681.282   0.1568691 .8598 ns  
  Planting date               2 1985573.398 992786.7    7.9129763 .0407 *   
  Main Plot Error             4 501852.4818 125463.12<- 
CC Species                    6 1546391.732 257731.96   2.6918726 .0291 *   
CC Species * Planting date   12 632791.1142 52732.593   0.5507638 .8658 ns  
Error                        36 3446801.416 95744.484<- 
Total                        62 8152772.706           
 
